
ASSESSMENT ON THE ACCEPTABILITY OF THE OFF-GRID
SOLAR PANEL INSTALLATION TRAINER BOARD

ERWIN A. NAPIZA
Erwin033176@gmail.com

Laguna State Polytechnic University, 4009 Philippines

ABSTRACT
The Off-Grid Solar Panel Installation Trainer Board is an innovative tool for teaching the

fundamentals of solar panel installation. It provides a comprehensive platform for learning the necessary
skills for solar panel installation. The board features a detailed diagram of a solar panel system, along
with step-by-step instructions for each component of the system. Additionally, it includes an interactive
testing environment, allowing students to practice their skills before they take on an actual installation
job. The board is also equipped with a variety of tools and accessories, ensuring that students have
everything they need to complete a successful installation. With the Off-Grid Solar Panel Installation
Trainer Board, students can gain the confidence and knowledge they need to become successful solar
panel installers. In line with this, the researcher wants to evaluate the parameters in assessing the
acceptability of the Off-grid Solar Panel Installation Trainer Board by looking into its level of
functionality with regards to providing instructions, direct learning experience, collaborative learners, and
quality assessment, its level of quality in terms of extensive usage, low maintenance, and eco-friendly,
and its extent of effectiveness relative to increase cognitive skills, increase psychomotor skills, and
laboratory opportunities, as well as to determine if the functionality and quality of the Off Grid Solar
Panel have significant influence to its effectiveness.

Moreover, the researcher used descriptive research in this study with 100 research respondents
from LSPU having electrical technology major. In gathering the data, the researcher employed a
self-made questionnaire that undergo content validation. In addition, statistical tool like mean and
standard deviation were used to analyzed the data.

Consequently, the study found that the Off-Grid Solar Panel is highly acceptable in terms of
functionality, quality and effectiveness, as observed by the students. The functionality and quality of the
Panel had a significant influence on its effectiveness.

Likewise, the impact of Off-Grid Solar Panel on cognitive, psychomotor, and laboratory skills is
strong enough to disprove the hypothesis that the technology has no influence on its effectiveness. Thus,
the hypothesis is not accepted. Additionally, the effectiveness of the Off-Grid Solar Panel in terms of its
ability to Increase Cognitive Skills, Increase Psychomotor Skills, and Provide Laboratory Opportunities is
strongly linked to its qualities of Extensive Usage, Low Maintenance, and Eco-Friendliness. This
confirms the hypothesis.

Furthermore, this study recommends increasing the accessibility and promotion of off-grid solar
panels, providing regular maintenance and servicing, developing more effective learning materials and
activities, and conducting further research and studies on the effectiveness of the panels.

Keywords: Solar panel, eco-friendly

INTRODUCTION
Solar energy has been one of the purest renewable energies since it uses sunlight to turn it into

electricity, that can then be utilized to power electrical load (Zhong & Tong, 2020; Hussein, 2015). Many
establishments now are using solar panels to reduce the cost of electric bills, it is in demand now because
of getting higher consumption in electricity (Qui et al, 2019; Devabhaktuni et al 2013). Solar energy has
already been widely used to replace traditional nonrenewable energy sources all around the world. One of
the most difficult difficulties today is determining how to enhance the efficiency of solar energy
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production. Assessing how solar panels must be installed prior to installation can considerably improve
panel performance (Li, 2013).

The demand for electrical power, which will be an essential aspect of existence, is rising with
each passing day, in tandem with technological advancements. However, as the price of servicing these
requirements grow and environmental harm occurs, clean solar energy & wind energies are being
considered. On the other side, the chance that birds may suffer, although little, when wind is utilized as a
source of electricity makes solar energy more environmentally benign and significant (Terzioglu, Kazan,
& Arslan, 2015). As a result, the usage of solar panels was fast rising. Solar panels, which are utilized in
residences, rural cottages, street lighting, fulfilling the electrical demands of state buildings, garden
lighting, and irrigation systems due to their enhanced power capacity, are notably employed in satisfying
the basic needs of certain isolated places.

Considering the disastrous implications of greenhouse gas emissions, and thus transitioning
energy from fossil fuels to renewable resources to create low-carbon civilizations, has become one of our
world's most pressing concerns. The study determined that fulfilling the goals of solar panel development
seems to be a premature target for said current environment due to limitations in communication
channels, a lack of acceptable energy culture, and an unprepared societal structure (Karimzadeh & Salehi,
2021). Cao et al (2019) reiterated that solar energy is among the few 100 percent renewable energy
sources, however its application may be difficult and expensive.

The Acceptability of the Off-Grid Solar Panel Installation Trainer Board is an important topic to
research and discuss. With increasing use of renewable energy sources, the importance of understanding
the effectiveness and acceptability of off-grid solar panel installation trainer boards has become
increasingly important. The purpose of this discussion is to assess the acceptability of the Off-Grid Solar
Panel Installation Trainer Board from the perspectives of experts, stakeholders, and end-users. This
research seeks to investigate and answer the research problem in order to determine the acceptability of
the Off-grid Solar Panel Installation Trainer Board. The goal of this study is to evaluate the parameters in
assessing the acceptability of the Off-grid Solar Panel, particularly with regards to its functionality,
quality, and effectiveness. It is expected that the results of this study will be beneficial to stakeholders
involved in Off-grid Solar Panel Installation and Training Programs. Furthermore, the findings of this
research may contribute to the development of better-quality training materials and equipment for
Off-grid Solar Panel Installation.

Background of the study

In the past few years, the main problem of the electrical students and professors in the College of
Industrial Technology (CIT) in Laguna State Polytechnic University (LSPU) was lack of trainer
equipment, electrical students cannot obtain experiences and skills in just a theory of discussion without
any practical training. That’s why researchers design a trainer equipment off-grid solar panel installation
trainer board that will help every industrial technology electrical student to provide training, advance
knowledge, and experience and to gain skills about how to install, troubleshoot, and maintain a solar
panel that can prepare them and helps them to meet the requirements and to be qualified to the industry
that they wanted to work.

Until recently, the professional level of the employees, which was taught by educational
institutions, fulfilled the criteria of the high-tech industry since it is regularly improved (Hagedorn &
Purnamasari 2012). The current scenario demonstrates that employers must play a direct role in the
training of future experts and specialists in order for contemporary enterprises to attain significant
industrial progress.
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The study above explains that trained people by the educational institutions met the requirement
of the high-tech industry, it proves that being trained and having advanced knowledge and experience in
the educational institutions will be a big part to meet the requirements of the high-tech industry (Mietzner
& Kamprath, 2013).

Theoretical framework

Shang et al. (2015), the solar cell (or "photovoltaic" cell) is a way of transforming photons (solar
light) from the sun into electricity. A photovoltaic cell is a solar cell that has the potential to gather both
solar and non-solar light sources (including such photons from incandescent lamps). The device must
fundamentally perform just 2 purposes: photogeneration of charge carriers (holes and electrons) in such a
light-absorbing material and isolation of the charge carriers toward a conductive contact that will convey
the energy. This conversion is known as the photovoltaic effect, as well as the study of solar cells is
recognized as photovoltaics.

Cognitivism is a theory of learning that suggests that learning is an active process of acquiring
knowledge and understanding through the conscious processing of information. The theory is based on
the idea that learning is achieved through the formation of cognitive structures that can be used to recall,
store and apply information (Clark, 2018). This theory has been applied in research about Off-grid Solar
Panel Installation Trainer Board. The research suggests that the use of this trainer board can allow users to
gain a better understanding of the installation process and its related concepts by helping them to form
cognitive structures around the information. This can allow them to gain a more in-depth understanding of
the installation process and be better prepared to install and maintain solar panels in a real-world setting.

Assessment of learning theory is a process for evaluating the effectiveness of learning
experiences. It is used to determine how well a particular lesson or activity was successful in helping
students to learn and retain information (Andrade, 2013). Research into the effectiveness of off-grid solar
panel installation trainer boards has found that the use of these boards has been successful in helping
students to learn the technical aspects of the installation process. Furthermore, students who used the
board were more likely to retain the information than those who did not use the board. This indicates that
the assessment of learning theory is an effective tool for evaluating the success of educational activities.
By evaluating the effectiveness of the board, educators can make changes to the board or the teaching
methods to improve the learning experience for their students.

Moreover, instructional design theory is a set of principles, strategies, and techniques used to
create effective learning experiences. It is based on the concept of instructional systems design, which
proposes that instruction should be designed, developed, and delivered in a systematic and organized way.
Instructional design theory is often used in educational settings, but it is also applicable to other contexts,
such as corporate training, healthcare, and government agencies (Khalil & Elkhider, 2016). In the research
about Off-grid Solar Panel Installation Trainer Board, instructional design theory can be used to develop
an effective learning experience. For example, instructional designers can use a systematic approach to
analyze the target audience and their needs, create objectives and goals, develop a plan for instructional
materials, design activities and assessments, and evaluate the effectiveness of the learning experience.
This systematic approach can help ensure that the instructional materials created are tailored to the
specific needs of the target audience and the content is structured in a way that is easy to understand and
engage with. Additionally, instructional designers can use various strategies, such as simulations and
game-based activities, to make the learning experience more engaging and enjoyable. Finally,
instructional designers can use evaluation techniques to measure the effectiveness of the learning
experience and make any necessary adjustments.
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Statement of the Problem
This study aims to determine the motivational drive of the Motivational Drive on The STRASUC Sports
Events Performance of the students’ Athlete. Specifically, it aims to seeks the answers to the following
questions:
1. What is the level of Motivational drive of the in terms of Intrinsic with regards of:
1.1. Emotional Competence;
1.2. Physical Competence; and
1.3. Social Competence?
2. What is the level Motivational drive of the in terms of Extrinsic with regards of:
2.1. Rewards;
2.3. Performance and Ranking?
3. What is the level of STRASUC of Sport events performance of Students’ athlete in terms of:
3.1. Honesty;
3.2. Discipline; and
3.3. Sportsmanship?
4. What is the level of STRASUC of Sport events performance of Students’ athlete:
4.1. Skillful;
4.2. Well experienced?
5. Is there a significant relationship between motivational drive and SRASUC Sports Event Performance
of Students’ Athlete?

REVIEW OF RELATED LITERATURE
Related Literature
This chapter present the review of related literature and related studies that have some degree of relevance
to the current study and provides direction in the conduct study. Both local and foreign sources significant
to those studies have presented the information which was organized around selected topics.

Han et al. (2020), the energy conversion efficiency (PCE) in spin-coated devices and systems
significantly due to the rapid development with organic solar cells (OSCs) relying on norfullerene
acceptors. However, it appears feasible printing elevated solar panels in a safe setting using the
spin-coating approach is not feasible. Another impediment to the practical application of OSCs is the use
of very dangerous solvents. As a result, developing photoactive substances for scalable coatings and
eco-friendly production procedures for OSCs is critical. By combining F10IC2 using polymer donor
PTB7-Th, a fused-ring electron acceptor through the use of a decacycle core & solubilizing alkoxyl side
chains is generated and utilized in as-cast blade-coated OSCs. As-cast blade-coated OSCs predicated on
PTB7-Th: F10IC2 blended films manufactured in air without any posttreatment utilizing chlorobenzene
either chlorine-free o-xylene solvents delivered among the highest PCE values observed for as-cast
blade-coated OSCs. This paper presents a strategy for building high-performance material systems
enabling ecologically sustainable scalable OSCs that really are suitable for future industrial manufacture.

Saitov (2020), techniques for modeling and optimizing wind and solar power facilities for the
combined use of wind and solar energy. The outcomes of modeling how the input parameters affect the
properties of solar batteries and wind power plants are provided. The effect of the surrounding
environment on the output volt-ampere and power characteristics is taken into account. There are several
programming techniques for power plant mathematical modeling provided. Shunt diode connections can
be used for the development of the output characteristics of solar cells. On the basis of process
mathematical modeling, the operation of solar panels is examined. The effects of temperature, light, and
weather on the solar installation output parameters were investigated. The benefits of combining solar and
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wind systems with an energy storage system are also taken into account. We think about predicting wind
speeds using different distribution functions.

The increasing solar photovoltaic (PV) generation emphasizes the importance of
scalability, dependability, and cost reduction in PV systems. A modular fault-tolerant PV multistring
inverter was proposed as a solution to this problem in this article. The recommended inverter includes
both a modular dc converter phase as well as a dc-ac conversion stage. The inverter power rating may be
expanded with this system by simply increasing the number of PV strings, the dc-dc modules that go with
them, the size of a dc-ac stage heatsink, as well as the total current of the output-filter inductances.
Because of fault-tolerant design, any stage can withstand a first-switch open-circuit failure and continue
to function. With a modest cost increase (3-7%) and an efficiency drop after a failure of just 0.33-1
percent, depending on module count and fault location, this attribute allows for a 50% improvement in
inverter lifetime when compared to non-fault-tolerant alternatives. That's from a generalized reliability
evaluation, any number of modules can enhance longevity. It also allows for the reduction of operational
and maintenance costs, and also revenue losses caused by unforeseen system shutdowns. A lab-scale
prototype containing two modules was tested amid simulated faults to ensure the viability and usability of
an inverter circuit (Filba-Martinez et al, 2022).

Functionality
Ramdi (2020) discussed that the Automotive Engine Electrical System Trainer can help

to improve and improve shop work laboratory instruction (AEEST). The Trainer can be used as an
educational tool for teaching the starting, ignition, and charging systems. When students are taught using
the Trainer, they do better in the cognitive learning domain than when they are taught using the traditional
technique. Students who were taught with the Trainer as an educational technology performed better in
psychomotor learning abilities than students who were not taught with the Trainer. With the support of the
Academy and the Administration, students must always be motivated and inspired by technology in order
to become productive citizens of society. They will be able to pursue research and produce the necessary
teaching devices, production machines, and usable practical inventions.

Budi, Muslim, and Santosa (2019) concluded that: (1) There are various different types of
Arduino microcontroller training media. Characters, such as the board display that draws pupils' attention,
ease of use, relatively low prices, and accessibility has a number of internet references, and can be created
in STEM can be applied in accordance with research needs. strategy in the classroom and receive a great
response to students (2) use of an Arduino-based microcontroller Students' creative thinking skills can be
improved by using trainer media. Students can conduct simple experiments in a variety of ways, including
the following: Using the Arduino software's library menu, Students can innovate the program language as
desired. In proteus, simulate the project circuit architecture using Arduino so that kids don't have to be
concerned about harming their computers If something is incorrect with the installation, the component,
so that the level During this time, your ability to think creatively will be at its best. Students can combine
several inputs and outputs in a simulation to build outputs offered by the Arduino manufacturer; (3)
Student learning is aided by the usage of Arduino trainer media. Because pupils may practice, the
outcomes may improve without needing to be accompanied by an instructor because students may find
tutorials on the subject on the internet Arduino media trainer is easier; and (4) rather than other
microcontrollers, such as the AVR, are more difficult to use.

Scott et al. (2016) showed that innovative cadaveric epistaxis simulator has proven to be effective
in teaching and practicing various epistaxis management abilities. This task trainer looks to provide
novice learners with an educational benefit in the learning of technical abilities. To evaluate long-term
skill retention, more research is needed. Simulation is a viable instructional tool that efficiently improves
epistaxis management skills while also ensuring

patient safety.
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Rasmussen et al. (2019) reiterated that a large number of studies with diverse designs in the
literature. Simulated training improves open technical abilities and may be more successful than
traditional classroom instruction. Simulators are aimed at the youngest vascular learners. Having the
steepest learning curve will help you be more effective and learn more before you start the course.
Self-directed learning is a type of training that allows you to set your own. The most beneficial vascular
surgeons are those who have a lot of experience. It's important to have good instructors and a low
trainee-to-trainer ratio. It's critical to maximize productivity. The worth of amassed the debate over
training (boot camps) vs. distributed learning has not been resolved. Open skills training has been
established, and the two should work together. involves the creation of a simulator pass-fail criterion and
Tools for assessing and transferring talents (Kirkpatrick level 3) Future research will be conducted on this
topic.

Thomas (2013) elaborated that surgical students should have confidence in the impacts of
simulation based on current evidence should have access to the formal, organized simulation as part of a
course. In surgical simulation, bench models & box trainers must be utilized, with Virtual Reality
employed when resources allow. Alternatives to cadaveric & animal models should be investigated
because to the ethical and moral issues surrounding their usage, and also their equivalency with other
simulation methodologies. However, any application of surgical simulation must be customized to the
individual needs of trainees and must be complemented by experienced

teacher feedback.
As a result, local governments might well promote solar energy consciousness and household

utilization by educating about energy-saving behavior and attitude in schools, helping to shape public's
perception thru the dissemination of data regarding renewable power utilization projects, and interacting
the effects experienced by householders already benefiting from the tangible benefits of solar energy use
(Kaya et al., 2019).

According to Wolske et al. (2018), the primary factors driving interest in solar energy installations
are underlying consumer motivations and predispositions, as well as customers seem to be inspired if
knowledge with any monetary advantage comes from trusted sources such as solar energy supporting
organizations or community members who currently installed solar equipment (Noll et al., 2014; Palm,
2016; Schelly, 2014; Wolske & Stern, 2018).

Project-based learning programs use realistic, concentrated student-designed and built projects to
prepare students in these emerging fields. The duration and difficulty of collecting pertinent technical
material in this domain and able to adapt it for high school students is a significant obstacle in developing
this type of program. The choice of projects that students start pursuing is related to this challenge. We've
discovered that these two problems necessitate the involvement of a subject matter expert as well as
substantial technical assistance to make sure that student designs are age and skill suitable, safe for the
class, and keep students engaged (Skardon, 2013).

One important takeaway from this training course consists of the effective overview of novel,
table-top scale "minisystems" that mimic full-scale projects like electric vehicles. These minisystems are
also inexpensive enough that a typical class can assign one to a two-person team. The emphasis on
renewable energy also allows for a discussion of major environmental and economic issues. Thermal
storage units designed and built by students resemble residential-scale systems (Skardon, 2013).

Personalized learning allows students to co-author their own learning path as well as customize
their educational activities to their specific needs, abilities, and interests. Main benefits include: (a)
enhanced student learning and learning experiences for students; and (b) an improved reputation for
institutions like an educational establishment that recognizes and reinforces individual student learning.
New technologies can be used to assist more customized, effective approaches to education and learning
on a large scale while remaining sustainable and cost-effective (Bartle, 2015).
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The client and care provider were in another room, while the students were all in another,
communicating through computer screens. The students conducted interviews with the patient and
caregiver, as well as practice assessments of the patient's stroke situation by having him or her stand or
walk in front of the screen and perform manual exercises. The students had the opportunity to become
acquainted with the technology, discuss telehealth decorum, and actually realize that they might
eventually develop a connection with the patient through the screen (Rutledge et al., 2017).

It was discovered that both high school and junior high school students provided positive
feedback on the four dimensions explored in the DSSC experiment (science knowledge, experimental
skills, learning motivations, and attitude toward sustainability). The attitude toward sustainability received
the most positive reviews, followed by experimental skills. That after a simpler and modified hands-on
course, junior high school students' average scores were discovered to be significantly higher compared to
those of students in high school in all aspects. Furthermore, a teacher evaluation revealed that the
experiment aided students' knowledge in all dimensions (Chien et al., 2021).

Collaborative learning fosters the development of higher-level thinking skills. Students are
invested in their education. Collaboration among students serves as the most efficient form of interaction.
While students work in groups, one person listens whilst the other partner discusses the question at hand.
By formulating ideas, explaining them, receiving immediate feedback, and responding to queries and
comments, both are gaining valuable problem-solving skills (Laal & Ghodsi, 2012).

Students become more engaged, absorb information better, and achieve better learning outcomes
when cooperative learning strategies are used to supplement instruction. There is plenty of evidence that
collaborative learning is effective and beneficial to students, educators, and institutions. While there is
still much room for technological advancement and scientific research into collaboration and educational
technology, there's been significant progress, aided in part either by Internet and social networking
revolution. Online learning is undergoing a transformation, with collaborative learning playing an
important role. The Learning Sciences are discovering and testing collaborative learning theories, as well
as directing the growth of collaborative educational apps based on the theories (McLaren, 2014).

Individual preparation is of interest to teachers because it is unclear
whether and under what circumstances it should be part of their instructional toolbox. Some

preliminary suggestions are as follows: (a) use specific preparation only when the subsequent
collaboration requirements require deep processing (i.e., inferencing) of complex information that is not
already well known or understood; and (b) use individual readiness time for students to go beyond the
given instructional material, for example, by generating new conclusions, connections, or ideas that could
then be discussed and further developed during lat (i.e., awareness induction support) (Mende et al.,
2021).

Assessing students and evaluating projects - This final theme emphasizes the importance of
grading students using a variety of methods, including individual and group grades and emphasizing
individual performance over group performance, and, second, sufficiently debriefing projects by
illustrating resonance techniques and accumulating formative assessment information from students about
the project and how it might be improved (Kokotsaki et al., 2016).

Among the hands-on activities are tutorials on various solar energy and energy software
packages, such as the HOMER (Hybrid Optimization of Multiple Energy Resources) and cloud-based
software HelioScope energy modeling tool, which synchronizes the AutoCAD tool so that the designer
can, for example, quickly lay out a rooftop and get the energy modeling. The final exam is based on each
student's presentation of a research project focusing on a solar energy system chosen locally based on its
implications in terms of power generation and reliability (reliable high performance, elegance of the

building integration, etc.) (Ciriminna et al., 2016).
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A literature review was conducted to examine the use of Life Cycle Assessment (LCA) in
sustainable energy research and energy education. Although there are many LCA renewable energy
studies, LCA is rarely used in energy education. However, it was perceived that the intention was to use
LCA in education in fields other than energy engineering. In energy research, LCA was widely used to
assess environmental sustainability and compile sustainability indicators for renewable energy systems.
This review also finds that LCA research-based instruction stimulates and motivates students more
effectively than traditional lectures. LCA was implemented through traditional lectures as well as student
activation methods including such hands-on doing, group projects, lectures, and discussions on various
platforms. Furthermore, through practical LCA projects, the use of LCA research in teaching increased
learner understanding of sustainability. Finally, the use of LCA as a research-based teaching method in
renewable and sustainable energy education curricula should be expanded (Mälkki & Alanne, 2017).

A variety of educational technologies and techniques are being utilized to teach students about
renewable energy and energy efficiency. Ramdi (2020) explained how the Automotive Engine Electrical
System Trainer can help to improve shop work laboratory instruction. Budi, Muslim, and Santosa (2019)
suggested that Arduino microcontroller training media can be used as an educational tool to help improve
students' creative thinking skills. Scott et al. (2016) found that the innovative cadaveric epistaxis
simulator can be used to teach and practice various epistaxis management skills. Rasmussen et al. (2019)
noted the importance of effective instructor and low trainee-to-trainer ratio. Thomas (2013) argued that
surgical students should have access to the formal, organized simulation as part of a course. Kaya et al.
(2019) discussed how governments can promote solar energy awareness and utilization by educating
about energy-saving behavior and attitude in schools. Wolske et al. (2018) emphasized the importance of
consumer motivations and predispositions when it comes to solar energy installations. Project-based
learning programs such as electric vehicles and thermal storage units are being used to prepare students in
emerging fields (Skardon, 2013). Personalized learning and collaborative learning are also being used to
improve student learning (Bartle, 2015; Laal & Ghodsi, 2012). Rutledge et al. (2017) found that simulated
training, such as telehealth, can help to improve open technical abilities. Chien et al. (2021) reported that
the DSSC experiment helped to improve student knowledge in all dimensions. Mende et al. (2021)
suggested that individual preparation should only be used when collaboration requirements require deep
processing of complex information. Kokotsaki et al. (2016) highlighted the importance of grading
students using a variety of methods and debriefing projects. Ciriminna et al. (2016) discussed the use of
tutorials and exams based on research projects in relation to solar energy. Finally, Mälkki & Alanne
(2017) found that the use of LCA as a research-based teaching method in renewable and sustainable
energy education curricula should be expanded.

Quality
A motor's design life expectancy must be reached in order for it to
function properly. To guarantee this healthy start, a solid quality control procedure is required.

Quality control is applied to the construction or maintenance of a motor, and the power circuit as well as
power quality of said application in which the motor will be put. A motor that just left a warehouse needs
to have its condition checked again (Ferracuti et al., 2015).

Khallaf et al. (2017) showed the Effect of Technology Investments on Productivity, Product
Quality, and Production Efficiency of a Firm. For more than a decade, empirical research in the digital
technologies value literature have examined the effects of IT expenditures on various performance
metrics. These studies may not have adequately taken into consideration the influence of technological
investments that boost production efficiency and enhance product quality on company productivity, which
could be one explanation for the inconsistent empirical results. Particularly, it is generally believed that
such investments ought to increase both earnings and productivity. More particular, we show that
investments in technology that lower a company's fixed overhead expenses have no impact on the firm's
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judgments on the quality and cost of its products, but do raise profits and boost productivity. Additionally,
we show that investments in technologies that lower the variable costs associated with product design,
development, and production stimulate the business to raise prices and enhance product quality.

The roof - mounted off-grid solar photovoltaic system is created for optimal load consumption,
ensuring that the primary load requirements are met 24 hours a day. The PL TS design serves as the
primary electricity source, with PLN serving as a backup for households that already receive energy from
PLN. To determine the outcome of 100% electrical energy necessity in residential homes, a Charge
Controller with MPPT 60 A technology and an inverter with the following technical specifications: DC
Input Voltage (nominal) 24 V/3000Watt. The voltage testing results show that the result from solar panels
reaches its peak during the day between 10:00 to 13:00 and then begins to fall until 16:00 (Winardi et al.,
2021).

There are numerous advantages to the proposed system being implemented for both the
authorities and the farmworkers. A solution to the energy crisis has been proposed to the government. The
use of an automatic irrigation system optimizes water usage by reducing waste and reducing the need for
human intervention on the part of farmers. The excess energy produced by solar panels can also be fed
into the grid with minor changes to the system circuit, which could be a source of revenue for farmers,
inviting farming in India while also providing a solution to the energy crisis. The proposed system is a
simple and environmentally friendly method of irrigating fields. When used for bore holes that pump
continuously throughout the day, the system has proven to be effective. Solar pumps also provide clean
solutions without the risk of borehole contamination. Because the system is self-starting, it requires little
maintenance and attention (Harishankar et al., 2014).

The majority of people are aware of nonrenewable energy resources. Because of the economic
benefits, solar energy has grown in popularity. Solar Energy, with battery backup, can also provide
electricity 24 hours a day, seven days a week, including on cloudy days as well as at night. This is also
used with an inter-grid system that has a continuous power supply. It has more advantages than other
forms of energy such as fossil fuels and petroleum deposits. It is a promising and consistent alternative for
meeting the high energy requirements (Shaikh, 2017).

Off-grid medium-power (1-10W) systems rely on ambient energy harvesting from batteries or
supercapacitors to operate. Because of their long lifetime, easy power control, and low-maintenance
requirements, supercapacitor-based harvesters are beneficial in autonomous field systems; however, they
can only achieve up to 10% of the energy content of rechargeable batteries. (Habibzadeh et al., 2017).

Currently, manually operated devices use non-renewable energy sources. The fully automated
solar grass cutter concentrates on use of renewable energy, which aim to minimize the harmful emissions
emitted by traditional grass cutters. When compared to traditional grass cutters, automatic solar grass
cutters necessitate fewer upkeep and less human interaction (Bhalodi et al., 2020).

Regardless of whether the finest solar panels are utilized and placed optimally in all aspects, users
must ensure that they are properly maintained. The primary responsibility of the user during the operation
of solar panels is to keep them clean, as a wide range of depositions can cover the active surface of the
panels over time. The paper addresses this critical issue by presenting various cleaning solution of varying
complexity and cost. The right decision about which cleaning method to use is heavily dependent on the
type of depositions on the solar panel, the weather forecast conditions, their accessibility, and, of course,
the users' available budget (Szabó et al., 2022).

According to Dellosa et al. (2021), the simulation results showed very good potential financial
advantages over a long period of time or during the life expectancy of the solar power farm. The return on
investment is 4.23 years, the investment return (ROI) is 506.2%, and all other economic figures are
positive and strongly support the establishment of the solar PV farm. The solar farm project will save a
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total of 109,828.4 tons of CO2 over the course of its lifetime. Based on the findings of this study, the
authors strongly recommend

that the proposed solar farm project be implemented.
Tamayao and Lemence (2021) The simulation findings demonstrate that a solar photovoltaic

panel-grid system is ideal for the grid-connected situation and can reduce electricity costs by 35%. In the
meantime, a solar photovoltaic panel-generator-battery system is ideal for off-grid scenarios and can cut
electricity costs by 61%. The solar aspect is estimated to contribute 71-85% of total annual energy
production in both scenarios and can enable reduce emissions of greenhouse gases.

Alcazaren and Singh (2020) This study evaluated Philippine General Hospital's chances not only
transform to renewable energy, but also to increase energy efficiency in order to reduce dependence on
Manila's electrical grid and total energy costs. An analysis revealed that the installation of a solar array as
well as a lighting retrofit could help Philippine General Hospital meet these objectives. According to the
analysis, implementing an LED lightbulb retrofit itself would result in a 7% reduction in electricity usage
and a total cost savings of PHP 458,869,500 (nearly $9 million) over an 8-year period. A ten-year net
present value (NPV) analysis revealed that the five different sized solar installation circumstances would
all result in a net negative value over a 25-year term, and all net positive values. This implies that
Philippine General Hospital will save money that can be used to improve patient care and overall facility
quality.

In Panobolon Island, Central Philippines, the technical and social feasibility of using a
solar-powered ultraviolet light-emitting diode (UV-LED) module for a microbial water treatment system
were investigated. A laboratory scale prototype as well as water point source sampling in nine Panobolon
Island deep wells were used to assess technical feasibility. Social feasibility, on the contrary hand, was
determined using survey responses from island residents. The findings show that (1) regulated solar
power is a suitable replacement power source for UV-LED apparatus, (2) all water point sources tested on
Panobolon island were positive for Escherichia coli contamination, and (3) the proposed system is
acceptable in society by the residents. As a result, it is possible to conclude that the proposed
solar-powered UV-LED microbial water treatment system is a viable solution for improving the quality of
drinking water consumed by residents (Jeco et al., 2019).

Quality control is essential for ensuring a motor's design life expectancy is reached. Research has
shown that investments in technology can reduce a firm's overhead expenses and variable costs associated
with product design, development, and production, and increase profits and productivity. An off-grid solar
photovoltaic system is a promising solution for energy crisis, providing clean energy, reducing water
waste, and offering economic benefits. Nonrenewable energy resources are being replaced by solar
energy, with battery backup providing electricity even on cloudy days and at night. Supercapacitors-based
harvesters are used for medium-power systems, while an automatic solar grass cutter is an
environmentally friendly method of irrigating fields. Proper maintenance of solar panels is necessary, and
simulation results have revealed that solar farms can have a positive financial impact, reduce electricity
costs, and reduce emissions of greenhouse gases. Philippine General Hospital could save money with an
LED lightbulb retrofit and a solar array, while a solar-powered UV-LED microbial water treatment system
is a suitable solution for improving drinking water quality.

Effectiveness
Siagian (2014) discussed that the goal of his research was to create a module and trainer for the

Education of Electronic Engineering Faculty of Engineering State University of Medan students to master
basic electronic competency. Cruch Kilton criteria and Dick and Carey's model were used to plan and
construct the trainer in order to develop the instructional material for the module. Field research,
observation, interviews, and questionnaires were used to gather data, along with development activities
and posttests to determine the module's impact using objectives. By comparing the results between the
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module group and the control group, it is possible to determine how well the module and trainer
contributed to improving the learning outcomes or competency mastery. The module was developed
based on research that covered nine learning themes, including lecturer guidance, posttest and its key
answer, student practical activity, and trainer electronic components that assist practical activity that is
integrated with the topics.

Haryudo et al. (2018) reiterated that the goal of their study is to create control method learning
materials utilizing Matrix Laboratory software and an industrial requirement approach. Learning media
can speed up the learning process to improve the quality of learning, making it a useful tool for improving
teaching and learning environments. Control methods utilizing Matrix Laboratory software can increase
students' interest and focus, provide them with practical experience, and foster an autonomous mindset.
This instructional media production uses Matrix Laboratory software to create mathematical equations for
a control system application using a DC motor plant and PID as the end result
(Proportional-Integral-Derivative).

Ahmed et al. (2015) showed that the most intriguing motors are brushless DC (BLDC) motors
because they combine the benefits of a direct current (DC) supply with the absence of the drawbacks
associated with brush use. They are particularly noteworthy due to their efficiency and torque
characteristics. Due to the large speed range of BLDC motors, speed management is a crucial concern.
When discussing the performance of a speed controller, several other factors need to be taken into
consideration, such as the starting current, starting torque, rise time, etc. The effectiveness of the
suggested speed controls is assessed by a simulated study. To confirm the efficiency of the system,
comparative research is also conducted.

Kausar et al. (2020) utilizing new technologies has lately been adopted in the present educational
system to enhance traditional teaching techniques. Examples of this include using simulators and quiz kits
in a classroom setting to help teachers provide standardized evaluation or real-world applications of the
principles being taught. Additionally, by employing this technology approach, it may be possible to
address the well-known problem of engaging students in a supposedly boring conventional lecture. The
goal of this study is to propose methods for developing an e-Logic Trainer Kit (e-LTK), a prototype
training kit that contains an electronic simulator as well as a quiz assessment module to assess subject
knowledge about logic gates. A survey of students and instructors at Universiti Teknikal Malaysia
Melaka's Faculty of Technology in Engineering (FTK) was used to examine the efficacy of implementing
this model in educational settings (UTeM). The response has been excellent, with positive remarks
showing in 60% of the letters, demonstrating the effectiveness of a prototype kit.

The research describes the development and effectiveness of four different modules/trainers/kits
to improve the competency, speed up learning, provide practical experience and aid in assessment.
Siagian (2014) developed a module and trainer for the Education of Electronic Engineering Faculty of
Engineering State University of Medan students to master basic electronic competency. Haryudo et al.
(2018) created a control method learning material using Matrix Laboratory software and an industrial
requirement approach. Ahmed et al. (2015) discussed the speed control of brushless DC motors and
assessed their effectiveness through simulation and comparative research. Finally, Kausar et al. (2020)
proposed methods for developing an e-Logic Trainer Kit (e-LTK) to assess subject knowledge about logic
gates. Field research, observation, interviews, and questionnaires were used to gather data and posttests
were used to measure the module's impact. Overall, the response to the modules has been positive,
indicating that the modules are effective in educational settings.

Related Studies
Gupta et al. (2021) has in-depth analyses and comparisons of the two-
step sizes INC MPPT techniques for solar PV panels are presented in this work.
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It shows the enhanced MPPT tracking system, which is based on the variable step size of the
DVS approach. The DVS algorithm produces electricity more quickly than DFS methods. It is quite
practical to deal with abrupt changes in the weather because of its steadiness and sluggish rate of rising
time.

Mozumber et al. (2019) discussed in their study entitled “Recent developments in multifunctional
coatings for solar panel applications: A review” Acid rain and global warming are two severe issues that
are brought on by traditional energy sources that produce energy by burning fossil fuels. Green and
renewable energy technologies have so attracted a lot of attention in recent years. Since the sun is the only
year-round energy source that can be effectively used for energy generation, increasing the efficiency of
solar panels has drawn the attention of many academics. However, due to reflection at the air/glass
contact and the buildup of dust on the modules, a sizeable portion of the incident solar energy is being
wasted. Therefore, multifunctional thin films or coatings have lately been used to improve the surface
morphology and attributes of solar panel surfaces in an effort to increase the energy transmittance,
self-cleaning, and anti-reflection capabilities of the coated solar panels. Solar panel coatings have been
made using a variety of materials and techniques, including surfaces that are superhydrophobic,
superhydrophilic,

and photoactive.
Awadallah et al. (2015) discussed that global energy regulations call for the extensive

installation of solar panel (SP) generators and inverters on distribution systems. This results in a
distribution transformer being linked to a number of SPs. The performance characteristics of the
transformer are changed by the SP and its interacting inverter. Additionally, it is critical to comprehend
and quantify the impact of new sources and loads on distribution system components when they are
linked to a distribution system from the standpoint of asset management. A two-step simulation and
experiment investigation on the impact of SP on distribution transformers. Step one of the modeling
works estimates the harmonic distortion in distribution transformers brought on by SP and related
inverters while taking into account solar farms and rooftop residential installations. Network topology,
load, and generation data from a Canadian utility are used in the simulation work. Studies are conducted
on various inverter technologies, output powers, carrier signal frequencies, filtering methods, active
inverter counts, and transformer layouts. In step two, a commercial inverter for SP applications is used to
simulate the level of harmonic distortion shown in the simulation in a lab setting. The core and winding
temperatures of a three-phase dry-type transformer are evaluated to determine the impact of greater
harmonic distortion. According to experimental findings, the transformer lifetime is predicted to drop by
8.3 percent under the worst loading situation (i.e., a full load with active power flow reversed).

Functionality
In a study, a new instructional model, “The Automotive Engine Electrical Systems

Trainer” (AEEST) was devised and subjected effectiveness. It is conceptualized based on the same need;
to provide shop laboratory opportunities and increase cognitive and psychomotor skills of the automotive
technology students. The Automotive Engine Electrical System Trainer as a device is a systematically
arranged equipment that includes specific features for the students to learn more efficiently. It consists of
the starting system, ignition system and charging system like that of the modern vehicle (Balbin, 2015). In
terms of student cognitive ability, the trainer, when employed as a teaching tool, may have a greater
influence on students' learning effectiveness than the traditional chalk and chalkboard approach to
education. The cognitive and psychomotor development of automotive technology learners should
improve with this paradigm (Ramdi, 2020).

Tonido (2014) says that the application of a training device he use of proper educational
materials is critical in the classroom. In training and education, there is a cycle of teaching and learning to
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ensure, particularly in the control of industrial motors the standard for learner instruction in a factory-like
environment. Both developmental and descriptive approaches were employed in the study. A Low-Cost
Electro-Tech Trainers would be a gadget which enables people to train without spending lots of money.
Board, Series -E09 was developed, constructed, and tested. Acceptability based on the factors below:
functionality, electrical technologist's utility, safety, and upkeep Electrical students were chosen as
responses. Trainer's equipment It was constructed using locally manufactured materials, giving it a unique
look. a more cost-effective alternative to the commercially available trainer board Its architecture enabled
it to accomplish its utility. After several attempts, It was thought to be extremely important because of the
checks and adjustments. appropriate in the opinion of the chosen respondents This according to studies,
the trainer kit can be utilized for both teaching and learning. To be offered on the market, learning
processes must be developed.

Pereyras (2020, a) discussed that the electrical wire installation trainer board was
excellent. It is technically possible. This refers to the evaluation's outcomes indicates that the study's
objectives were met. The professional responses all acknowledged that the trainer gadget is incredibly
functional, extremely advantageous, incredibly safe, extremely simple for using, extremely valid,
extremely repeatable, and trustworthy. This implies that using a dummy trainer can help students improve
their learning experiences and understanding of the subject and course in general, as well as teacher
presentations and student assessments. The following findings were achieved during the laboratory time.

Pereyras (2019, b) illustrated that users have the ability to Learn to read and understand
pneumatics acknowledge global rules and draw circuit diagrams recognize and comprehend pneumatic
and hydraulic systems Easy to construct electrical parts and their features Read and understand
electro-pneumatic circuits. electro-pneumatic control circuit diagrams create multi-actuator control
circuits strategies, feature comprehension, design, and technical information and symbols for pneumatic
and hydraulic systems Control circuit timer is one of the electronic sensors. Identify the electro-pneumatic
features. interfaces are linked, electropneumatic options are compared in implementation, and finally,
plan, develop, and produce a practical product equipment for training.

Ahyanuardi et al. (2020) elaborated that their research resulted in a product in the form of
instructional learning media for students of vocational education at the basic level of the field of electrical
engineering studies. The learning media is in the form of 1 phase induction motor training kits that are
developed based on an analysis of the needs of the learning process and student characteristics. After
going through several stages of development, the results obtained in the form of 1 phase induction motor
training kit that is valid and practical are used and applied as a media for practical learning in the EMMR
process of learning in the workshop. Furthermore, this single-phase induction motor training kit It can
also be used as a teaching tool for learning theories. as a demonstration-based learning medium in the
classroom that it can assist pupils in comprehending the EMMR learning materials that have an abstract
nature.

In a study, remote-controller digital electronics trainer (RCDET) has been designed, its
prototype has been built, it was put to the test and confirmed to be functional. The outcomes of the
experiment as seen above, match the truth tables of the logic gates Many pupils will find this board to be
helpful. cramming onto one board and joining the pieces manually inputs to the board Every student also
has the opportunity to speak with the teacher directly. make observations and truth tables to see the
outcomes at the same time, all of the gates are open. The layers of logic are denoted by at the inputs and
outputs, there are brilliantly lighted LEDs. This package includes everything you'll need. to provide a
learner with the opportunity to manually manipulate objects connecting the logic gates to the inputs and
putting them through their paces (Mulwa et al., 2020). As a result, it is not a replacement for existing
technologies. (RCDET) is a supplementary kit that is highly recommended. by professors in situations
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where the number of students is large overpowering. All the instructor has to do now is place the board.
On a raised bench, face the students, then use to demonstrate how logic gate’s function, use a remote
transmitter. As a result, Students can use the board to verify the truth tables of logic gates in real time.
despite the fact that wireless transmission technology has been around for a long time depicted in this
piece of work It is strongly suggested for use in Electronics laboratories in educational institutions
Courses are given out.

As community members, scientists, and policymakers, today's children and youth will play
crucial roles in modifying our known energy infrastructure. Because public school budgets are limited,
most academic institutions cannot afford equipment such as solar panel and wind turbine concepts for
educational studies. Many energy companies are interested in improving citizens' energy literacy.
Renewable energy technology developers and manufacturers should consider funding energy education
curricula, materials, and systems in K-12 settings. Renewable power scientists and engineers also could
serve as expert consultants, advising on service-learning projects or formally teaching about energy
systems. Solar energy panel and wind turbine models or systems in schools would also provide real-world
examples for students to observe and investigate (Merritt et al., 2019).

A virtual environment for teaching and training on a photovoltaic power
plant installation has been created. The virtual environment was created using SketchUp and

Unity; SketchUp helps facilitate the specifications of installed capacity for buildings using a 3D
dimension, the models of which were transferred to Unity to create the virtual environment, and the
texture of the programmed objects were finished. According to the survey findings, planning photovoltaic
systems in a virtual environment can be a better way to present projects because it provides accurate
guidance on the technical problems of how a setup could be, along with creating certainty about the initial
required investment, because even the smallest details, such as accessories, can be included. The said type
of virtual world allowed for more impactful teaching time while also improving their abilities and
knowledge (Gonzalez et al., 2019).

According to the experimental results, the maximum power point tracking (MPPT) charge
controller supplied power to the loads from the solar panel while also charging the rechargeable battery.
Students learned and mastered key concepts and knowledge in multidisciplinary areas such as data sample
size and collection, analog to digital conversion, solar power, battery charging, regulation, embedded
systems, and software programming through the system. It is a powerful instructional resource for CPS
students studying renewable energy (Guo & Kors, 2021).

According to survey results, sufficient consumer and local technician training is critical for
effectively implementing rural electrification via PV power systems. But nevertheless, for training to be
effective, there must be agreement on what the desired performance behaviors are and how they ought to
be measured. The most fundamental aspects for training are that it reaches the correct individuals at the
appropriate time and contains the right content (Brooks & Urmee, 2014).

Experimental work is a very good activity to provide students effective conceptual discussions,
but it is necessary to improve the teaching–learning process for an inclusive education paradigm. In this
paper we propose a low-cost experimental activity using Arduino that allows regular students and blind
students to explore together and understand features and properties about solar energy and a photovoltaic
panel, such as how the electric power generated by the photocell depends on the angle of incidence of
solar light and the load resistance of the circuit (Hahn et al., 2021).

A best-practice example of implementing digital tools in physics lessons was presented. The
integration and mixture of the benefits of mobile phones as well as microcontrollers when handling out
cooperative basic electrical experiments with such a great significance to daily life and society adds value
to physics classrooms. Students can utilize the presented circuit in a variety of ways to enhance their
individual experimental action, competence experience, and self-concept, as well as develop digital skills.
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An easy circuit for taking measurements the power of a solar panel using the Arduino microcontroller will
be introduced, as will the use of the app 'phyphox' to present the measured data. The circuitry allows
learners to measure the power of a solar panel in various light intensity situations and evaluate the data.
This could be used to improve independent experimental action, competence experience, and self-concept
(Pusch et al., 2021).

In the laboratory, students obtain the I-V and P-V characteristics of a solar PV panel, the impact
of tilt angle, light intensity, and temperature on the panel features, and the feature of a charge controller
and battery in offering a desired steady voltage at the system's output to the greatest extent possible. The
system is completely computerized and portable, with wheels. In addition to the foregoing, a brief
description of the ECL's capabilities and typical experiments performed by undergraduate students in the
Electrical Engineering department's undergraduate energy conversion course is provided (Young et al.,
2014).

Study shows that using the five "Es" of engagement, exploration, explanation, elaboration, and
evaluation, as well as promoting collaboration, teamwork, communication, and design in project-based
learning activities, it is possible to teach and learn about fuel cells. Most instructional materials include a
project in which learners construct one‟s own single cell Proton Exchange Membrane (PEM) fuel cells
and electrolyzers, as well as produce hydrogen using solar energy. Appropriate and cost-effective criteria
for designing and developing modules for teaching and learning about hydrogen fuel cells are developed,
that could be executed in traditional classroom either on free blended online learning platforms during the
COVID-19 pandemic (Fang et al., 2021).

Students in another program had the experience of working with different items of telehealth
devices as they rotated through various work stations in groups. 12 The primary objective was to teach
students how they could utilize telehealth to assist a patient from a distance. The first station allowed
students to speak a standardized patient who has been recovering from a stroke using telehealth
equipment. Students were provided with individual iPads to use in the second station to examine internet
sites that stroke patients and their loved ones could access to gather meaningful information and interact
with professionals. The third station involved using electronic health records to obtain static data such as
computed tomography (CT) scans and health records. The fourth station allowed providers to investigate
a few of the clinical decision-making software and mobile apps related to stroke care and management
that are available to providers and patients (Rutledge et al., 2017).

Study provides teachers and educators with practical guidelines for developing and promoting
collaborative learning in both virtual and face-to-face learning environments. Task-related and
group-related interaction are required for successful collaborative learning. Students require time and
space to plan and coordinate group work, and such discussions must be assisted by a teacher. Making
productive contributions, such as asking for clarification, seeking clarification, or giving theory-based
information and well-argued comments, is also a skill that can and should be taught. When students are
capable of engaging in productive collaboration at both the task and group levels, they will indeed be
efficient and innovative problem solvers as well as experienced collaborators when they enter the
workplace (Vuopala et al., 2016).

In a professional university chemistry lab, the Dye-Sensitized Solar Cells (DSSC) module has
been created. According to a survey of high school science club students, they had been able to
comprehend how to perform the fabricable DSSC experiment as well as acquire insights of the
experiment materials and principles underlying the experimental steps. Students also learned how to
perform statistical analyses on experimental data, which helped them enhance their scientific knowledge.
According to comments from science club students, any such hands-on DSSC course could enhance their
understanding of sustainability issues (Chien et al., 2021).
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The major suppliers of available commercially trainers and experiment starters for instructing
renewable energy manufacturing are identified in this paper. These suppliers' major product lines are
displayed. It is clear that the majority of the trainers and experiment kits are devoted to the investigation
of solar, wind, low enthalpy geothermal, bio-fuel, hydrogen fuel cell, and smart grid technologies. There
are few options for wave and tide energy trainers. Trainers for high enthalpy geothermal energy have yet
to be discovered (even though EDIBON claimed that they had the design available). Many of these
commercial trainers and experiment kits have the following distinguishing features: (1) They have more
sophisticated control systems for better reading and analysis, and (2) they have pre-designed lab
assignments, saving instructors a significant amount of time in lab preparation. (3) They are manufactured
in accordance with industrial standards, making them safer and more dependable to use (Sun et al., 2014).

Faculty and students at universities, as well as representatives from the
real estate industry, can be involved in assessing and providing feedback on the efficacy of both

the RE simulation and analysis tools. According to the 2020-2021 ABET Criteria for Accrediting
Engineering Programs [27], engineering programs must demonstrate that their students achieve Criterion
3, outcome (2). (see Section 4). Students will have the ability to examine and synthesize engineering unit
operations, such as integrated complex systems consisting of multiple unit operations, and/or perform
economic analysis for systems and processes, according to performance indicators for the ABET outcome
(2). Students may be given a "student course assessment form" prior to being taught the simulation tools.
After completing the simulation tools, the same "student course assessment form" can be given again. The
pre- and post-student course assessment form results can be statistically compared (Jafarinejad et al.,
2021).

It is a device designed to provide shop laboratory opportunities and increase cognitive and
psychomotor skills of automotive technology students. Through the use of this device, students are able to
learn more efficiently and gain greater understanding of topics such as starting systems, ignition systems
and charging systems. It has been found to be cost-effective, safe and easy to use and maintain.
Additionally, it can be used for teaching and learning in the classroom, which can improve students'
learning experiences, understanding of the subject, and assessment of teacher presentations. Furthermore,
it can help students learn to read and understand pneumatics, draw circuit diagrams, recognize and
comprehend pneumatic and hydraulic systems, read and understand electro-pneumatic circuits and create
multi-actuator control circuits.

Quality
Tonido (2014) indicated that instructional materials should be employed during the teaching -

learning activities in training and education, especially in Industrial Motor Control System, to guarantee
that trainees obtain high-quality training in an environment similar to industry. The LowCost Electro-Tech
Trainer Board, Series -E09 was created using materials that were readily available, making it less
expensive than other trainer boards on the market. Respondents included electrical professionals and
chosen students. A trainer board was created, built, and tested using the following conditions:
functionality, utility, safety, and upkeep. It became helpful as a result of its design. According to the
responses, it was deemed extremely good after repeated testing and changes. According to the study, the
trainer board should be created for commercialization and employed in teaching-learning activities.

Sadeque et al. (2020) investigated three-phase voltage system asymmetry, which is one of the
fundamental operating modes that dictates power quality for distribution channels. The operating modes
of the acquired system "supply source - induction motor - balancing unit" being simulated inside the
MATLAB software package of application programs to enhance the "durability" of the motor under
asymmetrical power consumption. This allows one to evaluate the effect of poor power quality on the
operating parameters of the electric motor as well as the effectiveness of the balancing unit.
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Burlakova (2021) elaborated that the digital technologies are playing a bigger part in schooling.
The consequences of digital technologies can be both positive and detrimental. However, everyone agrees
that digital technologies bring about a fundamental shift in the socio-economic landscape and create new
opportunities. Utilizing current digital technologies in the professional training of students requires
knowledge of and proficiency with them. Our research employs a variety of techniques, including content
analysis of academic publications on the issues of quality management of professional training and
contemporary digital technologies in the educational system, observation, remote training, and a survey of
students regarding the use of digital technologies in distance learning. Although describing the algorithms
of the professional training quality management system and identifying the collection of realization
techniques that comprise the management process are challenging tasks, they are doable with the right
teacher preparation. By updating the teaching staff's creative potential, enhancing their computer literacy,
and involving them in cutting-edge activities related to the search for technologies for managing the
quality of professional training of students in a blended learning environment, digital technologies make it
possible.

Ulewicz (2014) illustrated the extensive usage of quality assurance tools is a result of the new
criteria placed on products and, consequently, the materials from which they are made. Depending on the
product's final destination, the manufacturing process may be burdened by the requirement to build
quality assurance systems, record and analyze data, as well as engage in a continuous improvement
process. The essay details the outcomes of the actual application of a few high-quality tools in an iron
foundry. The Ishikawa diagram and Pareto-Lorenz approach were used in the analysis to estimate the
degree of incompatibility of manufactured goods.

In order to improve comprehension of the fundamentals of motorcycle electrical lighting systems,
this project intends to provide Trainer Kit Quality Control (TKQC) on motorcycle electrical abilities.
Research techniques that incorporate development (Research and Development). The effectiveness of
TKQC appears to be reflected in students who are more excited and willing to study. TKQC facilitates the
learning process for students, is simple to use, and allows for independent learning (Saryono et al., 2019).

Two cases were compared in this study concerning the use of the same boat with a displacement
weight of 343kg. During the experiment, a 24V outboard motor has been used, which was powered by
two 12V, 100Ah batteries connected in series. The electric boat would travel approximately 1.3
kilometers. In the first case, with a total energy capacity of 1.8624kWh and a 75% depth of charge, the
electric boat could navigate around 18, 16, and 15 trips with energy consumption of 111.64Wh,
117.19Wh, and 123.92Wh, respectively, at the three different test speeds. In the second case, the
navigational range was increased by the PV modules to 4km, 1km, and 14.4km, respectively. Using three
different test speeds of 3.18, 3.32, and 3.84 knots, the PV module attached to the boat helped replenish the
energy consumed by the electric boat for about 13.4%, 26.8%, and 38.7%, respectively. The electric boat,
powered by a PV module, addresses a problem in the energy management system that addresses the
sustainability and safety of inter-island transportation in the Philippines (Palconit & Abundo, 2018).

The outcomes obtained to meet the administrative building's total demand of 57.2125 kW, 120
500 Wp solar panels, a 60kW inverter, and a 100-kVA generator were calculated. The payback period is
3.97 years, with a 25-year return on investment of P 13,744,020. The project, if implemented, will solve
the institution's electric power problem at the Administrative Building by providing stable, sufficient, and
dependable 24-hour power. (Alejo et al. 2022)

The cheapest option has been proven to be a solar photovoltaic rooftop system, with a payback
period of nine and a half (9.5) years and a cost of 10 PHP (Philippine Peso) per kWh. With the currently
available 3,360 square meters of rooftop space, solar energy could produce up to 336,000 kWh, or 57% of
the four (4) campuses' 2018 electricity usage. Non-monetary benefits include reduced environmental
impact, teaching and learning opportunities, an emblem of sustainable development commitment, energy
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security, and brand advertising. Solar power systems on campus cannot provide the University with 100%
of its energy. Furthermore, solar electricity is somewhat expensive when compared to current electricity
rates. Experiencing a power purchase contract with the Solar Philippines Inc., (SPI), and the University
can install solar PV rooftop system with no expense and will also have an outright savings of 38% on a
monthly electrical bill, and given the non-financial benefits, the University should consider solar PV
rooftop system installation on the said four (4) campuses (Pereyras, 2019).

The slow expansion of national grids has hampered the electrification of medical clinics, schools,
and other institutions, with devastating results for growth in the economy, poverty reduction, and human
capital accumulation. Off-grid solar solutions have tremendous potential to solve the issue both in
Sub-Saharan Africa and around the world, but merely buying and placing the units without adequate
maintenance is ineffective. Placing stand-alone solar units as well as repair and maintenance them through
long-term quality contracts can provide public institutions with the electricity, they require at a cost that
the government can afford (Elahi et al., 2020).

One of the benefits is increased reliability; when solar and wind power production resources are
combined, reliability improves and system energy service is improved. This means that if one kind of
energy is unavailable, another will be available to perform the service. Other benefits include stability and
lesser maintenance requirements, resulting in less outage during maintenance or routine maintenance.
Renewable energy resources, in addition to being indigenous and free, aid in the reduction of pollutants.
Solar, wind, and biomass energy can be considered suitable alternatives to traditional power which is
shown using GsT for resource assessments in the study site and could be duplicated in other areas in the
country (Pascual & Valenzuela, 2018).

Solar energy provides the most commonly accessible energy on the planet. Proper solar panel
maintenance is required to reduce reliance on energy imports. The power produced by the solar panel
must be continuously monitored. The performance, monitoring, and maintenance of power generation can
be strongly influenced by using Internet of Things technology. The current paper is based on the
deployment of Internet of Things (IoT) supervision of solar panels for maintenance and efficiency
improvement through fault detection. One recommended method of reducing environmental impact is to
implement renewable energy technologies. Because of the frequency of power outages, it is critical to use
renewable energy and also to monitor it. Monitoring assists the user in analyzing the use of renewable
energy. This system is inexpensive. The efficiency is approximately 95% (Suresh et al., 2018).

The automated intelligent monitoring system user is equipped to automatically identifying and
monitoring parameters (panel temperature, PV state, DC voltage and amperage, operating time, etc.) that
can undoubtedly improve the efficiency of the Pv and reduce maintenance costs. The system has a
flexibility advantage in the case of supplementing the plant with more panels, and it also shows data
collection for prolonged periods of time without even being interrupted by users. It can also be remotely
monitored via the Internet using an embedded GSM module. More research on Solar PV can be carried
out in the future using the data collected (Nalamwar et al., 2017).

Despite institutional efforts, 22% of Nicaraguans lack electricity. Off-grid electrification systems
that utilize renewable energy sources are a reliable and sustainable solution to provide electricity to
remote communities due to the dispersed nature of many local inhabitants. In this study, a Nicaraguan
rural community's hybrid wind-photovoltaic off-grid electrification project is designed. A sensitivity
analysis is performed taking into account various possibilities for operation and maintenance expenses,
and the algorithm is changed to take a long-term view into account (Ranaboldo et al., 2015).

Various battery technologies, particularly lead-acid, nickel cadmium, sodium (sulfur), lithium-ion,
and sodium (nickel chloride) batteries, are ideal for use in standalone solar PV systems. Because of their
low cost, maintenance-free operation, and great efficiency, lead-acid and lithium batteries often are
viewed as having the best developed technologies. These batteries' short cycle life, which results in a
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vastly larger cost, is a downside. Therefore, optimizations must be done to ensure battery longevity. Since
battery characteristics and restrictions are not considered, battery operational cost remains high even after
optimization. Thus, research is needed to increase renewable energy source size and extend battery life.
This work proposes an optimization model that considers battery life loss cost, operation, replacement,
and maintenance expenses to address the aforesaid issues (Hlal et al., 2019).

Photovoltaic (PV) energy generation is easy, dependable, widely accessible, durable, almost
maintenance-free, and clean, ideal for off-grid applications, and to some extent has recently become more
economical. Due to increased environmental consciousness and the negative impacts of climate change on
human existence, this form of energy has grown quickly. Local environmental factors like ambient
temperature, relative humidity, dust storms, global solar radiation intensity, and spectrum affect
photovoltaic panel performance. Degradation and service failure mechanisms also affect PV system
performance over time (Rehman & El-Ahmin, 2012).

In locations where grid electricity is unavailable or difficult to get, solar energy, particularly solar
Photovoltaic (PV), has become a popular alternative power source. A well-designed Solar PV system with
quality components, correct installation, operation, and maintenance can last over 25 years. However,
inadequate care reduces lifespan. Field maintenance procedures and stand-alone solar PV system
performance in public facilities are examined in this paper. Since more than 40% of respondents had poor
solar PV system performance in the past six years, field maintenance practices are linked to solar PV
system performance. 67% of respondents at the district council agree that solar PV system maintenance
abilities are inadequate. Autonomous maintenance awareness is low among end-users. To encourage
maintenance culture, an alternative maintenance management system model has been designed. Best
maintenance techniques are advised in the document (Mgonja & Saidi, 2017).

Green energy to power cellular base stations (BSs) is an intriguing approach to minimize
operational costs and global carbon emissions. With the advent of renewable energy (RE) generating
technologies, cellular operators are rapidly using solar energy systems that could make the cellular sector
financially sustainable with minimal maintenance. This article carefully examines the energy
sustainability, cost-effectiveness, energy efficiency, and dependability of photovoltaic (PV) hybrid power
sources for cellular communications. Solar energy in telecom sectors reduces fuel use and addresses
climate change. Simulation findings show that the proposed technique is valid and that improved planning
and cleaner energy may ensure sustainability (Jahid & Hossain, 2017).

Global environmental concerns, increasing energy demands and developments in renewable
energy technologies present a new possibility to implement renewable energy sources. Solar energy is the
most prominent among renewable sources, as it is an inexhaustible resource and its exploitation has thus
far been ecologically friendly. This paper examines a stand-alone and hybrid solar power generation
system for off-grid electrification. This stand-alone solar-PV system may power a single house or a small
community and act as a mini-grid in areas with sufficient solar radiation. In areas with variable solar
radiation, a hybrid solar-PV system is the most efficient electrification method. The strength of one source
is compensated for by the second source, which is the main advantage of the hybrid system. Additionally,
this paper provides some comparative case studies, project examples, and demonstrations of standalone
solar and hybrid solar systems put into place at different sites throughout the world over the previous
twelve years (Akikur et al., 2017).

As conventional energy sources decline, electrical energy demand rises. Alternative energy
sources are needed to bridge the demand-production imbalance. A renewable energy source seems
promising. Solar energy is the ideal choice because to its natural availability, clean, environmental
friendliness, and endless supply. Irradiation, temperature, and other factors affect solar photovoltaic
systems. The current system's value is crucial for identifying faults and determining its future scope
(Sharma & Garg, 2016).
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For remote locations without grid electricity, off-grid hybrid renewable-energy power systems are
appealing. Hybrid energy systems use many energy technologies, therefore choosing the right ones with
the right component sizes is crucial. The goal of this study was to determine the best hybrid system
configuration for supplying power to a Sri Lankan rural community. The project's energy cost was
calculated by factoring hybrid systems' off-grid operation for the first 10 years and grid-connected
operation for the next 10. It has been determined that the hybrid system is economically feasible whether
it is used off-grid or in connection with the grid (Kolhe et al., 2015).

This study analyzes the feasibility of providing energy to an un-electrified hamlet in
North-Eastern Nigeria utilizing a mini-grid-based off-grid solar photovoltaic system. A 25-year life-cycle
cost estimate for an off-grid electrification project involving solar photovoltaic panels is used in the study,
and it is compared to the price of acquiring grid energy during the same time period. The cost of grid
extension in Northern Nigeria is scarce, thus off-grid electricity should be compared to it. Since the
Nigerian electricity market has been deregulated and the power rate is anticipated to be market-reflective,
it is therefore utilized as a proxy. At the current commercial financing rate, the project's negative net
present value makes it uneconomical. With sufficient government support, such as lower commercial
lending rates and start-up grants, the initiative becomes viable. Legal and regulatory structures to facilitate
private investment are needed in addition to government financial incentives. Engaging the community in
building and upkeep ensures sustainability (Akpan et al., 2013).

Renewable energy-based off-grid rural electrification schemes are one of the best ways to provide
energy to remote developing countries. Despite the high number of such programs, their long-term
sustainability is poor. Many of these programs failed to address the social and cultural challenges of target
populations, resulting in little or no user acceptability. Many rural electrification policies ignore user
demands, resulting in ineffective policies. In this study, a framework is offered to assess community
attitudes and needs by presenting critical criteria that need to be considered in different stages of program
creation and implementation. The "diffusion of innovation" paradigm matches off-grid renewable energy
program development stages. This holistic approach is expected to assist build a long-term sustainable
program and contribute to Sustainable Development Goals (SDGs) by enhancing rural electricity access
in developing nations (Urmee & Md, 2016).

According to Feron et al. (2016), because of their low environmental
impact Photovoltaic technologies for electricity production provide long-term advantages in terms

of pollution reduction and mitigation of climate change. However, a lack of sustainability consciousness
and guidelines (for example, order to ensure reuse as well as proper waste disposal of Photovoltaic
modules & rechargeable batteries) has resulted in ecological co-impacts in many developing countries.
These lessons demonstrate that even ostensibly clean technologies could become extremely wasteful in
the context of an insufficient level of environmental knowledge and regulations, lax regulatory
enforcement, and a lack of incentives.

According to Xu et al. (2019), the rural areas of Sindh have adequate direct sunlight to generate
electricity. A suitable angle of inclination has already been calculated for the chosen rural areas, which
ultimately improves the power generation of solar energy. Furthermore, economic viability was
investigated in this study, and it was discovered that the off-grid solar PV system for power generation
provides electricity at an expense of Pakistani Rupees (PKR) 6.87/kWh, which is significantly less than
conventional energy sources, which cost around PKR 20.79/kWh. Furthermore, if each of the chosen
secluded rural areas adopt the off-grid solar PV system, the off-grid solar PV system could reduce
maximum CO2 emissions annually.

While trying to design off-grid solar panel systems, it is only utilized at evening or when PLN
power goes out. Inside this Central Building (GP) design, four solar panels and a battery unit are required.
Each solar panel unit consists of 14 solar panels along with a rechargeable battery unit containing 110
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batteries. The simulation results show that the simulation's output power is pretty much equal to the basic
design output power of 280,045 Watts. This shows how the design outcomes can be utilized to generate
electricity with solar panels. The inverter's output voltage is also suitable with the house's load voltage of
220V AC (Kusmantoro et al., 2020).

The use of diesel generators runs counter to the government's commitment to generate
environmentally friendly power. In this study, we discovered that 11 PV units with a total power of 3,686
Wp, two 2400 W powered inverters, and a 16-unit battery cover are the necessary specifications for
optimal power of 1300 VA load. When compared to conventional electricity generated by diesel
generators and PLN, the off-grid solar panel installation system saves IDR 3,543,397 per year (Aprillia et
al., 2020).

In this paper, a technico-economic analysis using integrated modeling, simulation, and
optimization is used to build an off-grid hybrid solar PV/Fuel Cell power system. To fulfill the electric
load of a desert residential community, the standalone hybrid renewable power system's design and
dispatch control strategies must be optimized. In a desert environment, the hybrid power system's design
and performance are affected by temperature and dust deposition on solar PV panels. The proposed
off-grid hybrid renewable energy system aims to enhance renewable energy utilization, minimize fossil
fuel emissions, and lower power system energy costs. With a levelized cost of energy of 145 dollars per
megawatt hour, the proposed off-grid hybrid renewable power system is economically and
environmentally sound and has a XMR the solar PV and Fuel Cell hybrid power system) (Ghenai et al.,
2020).

An off-grid (stand-alone) photovoltaic (PV) system for electrifying a single residential residence
in Faisalabad, Pakistan is studied in this research. Considering residential load and solar energy, the
system was designed. The entire PV system sizing model determines the PV power rating, battery storage
capacity, charge controller, and inverter sizes needed to meet load. The results reveal that off-grid PV
system electricity costs less than household electric supply. The electrification of household applications
can be achieved technically and economically with off-PV electricity, it has been determined (Ghafoor &
Munir, 2015).

Australia's average solar radiation per square meter is the greatest in the world. This article will
discuss the need to increase solar energy use in Australia, its problems, and its benefits. This study shows
that storing and transmitting solar energy will ensure that this energy source will make a significant
contribution to Australia's power grid supply in the future and that Australia will be well-positioned to
satisfy its expanding clean energy needs (Bahodari & Nwaoha, 2013).

Alternative, sustainable, and clean energy sources are driven by global energy demand and
environmental concerns. PV cell technologies, energy conversion efficiency, economic analysis, energy
policies, environmental impact, varied applications, prospects, and advancements have been thoroughly
reviewed and presented in this article. According to the review, PV is a simple method for capturing solar
energy, and PV-based power generation has seen a sharp rise in recent years (Hosenuzzman et al., 2015).

Adopting the proper technology is necessary in order to provide sustainable power to rural
populations in Africa, particularly in Benin, which are located far from the grid and suffer from a lack of
access to energy resources. Using Fouay village as a case study, this research examines the
techno-economic feasibility of hybrid renewable energy system (HRES) for sustainable rural
electrification in Benin. HOMER program performs optimization, simulation, and sensitivity analysis.
Hybrid solar PV/diesel generator (DG)/battery (150 kW/62.5 kVA/637 kWh) was the least expensive
solution. This system decreases CO2 emissions by 97% compared to a traditional DG, provides a steady
power supply, and reduces battery requirements by 70% compared to PV/battery system. The study also
showed that the most cost-effective HRES depends on local energy sources and power plant distance from
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the beneficiary. In conclusion, Benin's copious solar radiation makes this hybrid PV/DG/battery system a
good model for rural electrification initiatives (Odou et al., 2020).

A substantial number of people, especially in developing nations, live in rural or remote places
that are grid-isolated. Supplying power and fuel to these places is difficult. A solution to this issue might
involve using renewable energy in an off-grid hybrid energy system. Renewable energy is abundant in
hilly Malaysia. These renewable resources can provide power and reduce fossil fuel use. This research
analyzes the performance of an off-grid PV-wind-diesel-battery hybrid energy system at a distant place
called "KLIA Sepang Station" in Selangor, Malaysia. With an average load demand of 33 kWh/day and a
peak load of 3.9 kW, the system is built and simulated to support a small population. Using real-time field
data of solar radiation and wind speed, HOMER (Hybrid Optimization Model for Electric Renewable)
software simulated and optimized system operations. The outcome demonstrates that, net present cost
(NPC) and CO2 emissions can be decreased by 29.65% and 16 tons per year, respectively, compared to
traditional power plants. After optimization, it was determined that the NPC of the system would be
around USD 288,194.00, with the Cost of Energy (COE) per kWh being approximately USD 1.877. In
similar climates, the hybrid energy system may work (Shezan et al., 2016).

Renewable energy is a promising alternative to fossil fuels, but its growth requires difficult
environmental tradeoffs. Recent growth in solar energy systems, especially big, centralized installations,
emphasizes the need to study their environmental impacts. Researchers analyze utility-scale solar energy
(USSE) development's direct and indirect environmental implications on biodiversity, land-use and
land-cover change, soils, water resources, and human health. We also examine USSE
infrastructure-land-atmosphere feedbacks and climate mitigation potential. Compared to alternative
energy systems, including renewables, USSE systems have negligible environmental implications
(Hernandez et al., 2014).

The most practical and easy-to-install technology, the off-grid solar photovoltaic (PV) system,
represents a major step toward rural electrification. However, assessing solar energy's potential and
economic viability in certain places is the strategic issue. This study assessed the techno-economic
feasibility of five rural Sindh provincial regions in Pakistan: Panoaqil, Badin, Nawabshah, Mirpurkhas,
and Kambar. The study also predicts that building off-grid solar PV systems in the aforesaid regions
would reduce CO2 emissions. Off-grid solar PV systems are cheaper than conventional electricity
sources, according to the research. This study found that all five Sindh provincial regions have good solar
energy potential and can produce power economically and technically (Xu et al., 2019).

This study analyzed solar energy's most notable traits and drawbacks. Climate, technological
limits, and investor reluctance were the biggest global solar energy development difficulties. After
outlining existing conditions and anticipating solar energy's future, this paper examined industrialized
countries' solar energy strategies. Due to technology solar panel manufacture and government support,
China has surpassed other countries in this field. Finally, the economic impediments to solar energy in
industrialized countries were considered to estimate its economic value. Due to the huge drop in solar
energy electricity production cost, this source of energy may become a key source in the future. To lower
expenses, solar energy was advised to be combined with wind (Liu, 2018).

Tonido (2014) found that the LowCost Electro-Tech Trainer Board, Series -E09 was beneficial as
a result of its design and should be employed in teaching-learning activities. Sadeque et al. (2020)
investigated the effect of poor power quality on the operating parameters of an electric motor, while
Burlakova (2021) discussed the impact of digital technologies in professional training. Ulewicz (2014)
highlighted the use of quality assurance tools in an iron foundry, and Saryono et al. (2019) studied the
effectiveness of Trainer Kit Quality Control in motorcycle electrical abilities.

Effectiveness
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Munawi et al. (2020) showed that the goal of their study was to ascertain how employing portable
electric motor control trainer media affects electrical engineering students' ability to think critically and
creatively. This study employs a Pretest-Posttest group design as it is an experimental investigation. 27
students studying electrical engineering at Nusantara University's PGRI Kediri are the study's subject.
Fluency, flexibility, authenticity, and elaboration are used to gauge creativity, whereas improving basic
abilities, providing additional explanation, using strategies and procedures, and coming to a conclusion
are used to gauge critical thinking. N-Gain analysis is used in the study to track the development of
creative and analytical thinking abilities.

Cadores and Romero (2021) explained that the efficiency of a DC motor control trainer was
examined in this study. It specifically included the design of a basic DC motor control trainer,
construction methods, functional capabilities, and efficacy as a teaching tool. The descriptive approach
was adopted in this investigation. Trainer evaluation followed construction. The study's participants
included 15 motor control specialists and 50 electrical technology students in total. Both surveys and
assessment exams were employed. Different electrical control devices are used to control a DC motor
positioned within the trainer. Materials that could be found nearby were used. The DC motor trainer
received outstanding ratings in a number of areas. The pre-test, post-test, and tests for the experimental
and control groups all showed that the students learned new information using the trainer. The DC motor
trainer is a fantastic educational tool for introducing students to the fundamentals of DC motor control.

Hernando (2016) stated that the planning, creation, and evaluation of a motor control trainer were
the main topics of this research study, which aimed to improve Industrial Electricity teaching and learning
in Lagawe, Ifugao. It precisely aimed to examine how students, technology teachers, and industrial
electricity practitioners rated the Motor Control Trainer's suitability as an instructional tool in the design
and functioning of teaching Industrial Electricity. The acceptance of the created Motor Control Trainer
was assessed in this study using the descriptive research methodology. The created Motor Control Trainer
was shown to be a very functional and acceptable instructional tool for teaching industrial electricity.

Burhan et al. (2016) discussed that the development of the Electro Pneumatic Trainer for
educational applications serves as a complement to the customary teaching and learning methods already
in use. The primary goal is to enhance the learning outcomes for students' practical skills and cognitive
knowledge in electro-pneumatic courses where instruction currently takes place in the classroom without
a strong emphasis on simulation or challenging practical applications. The newly created Electro
Pneumatic Trainer controller interface can be reprogrammed for a wide variety of task combinations.
Additionally, it is easy to use and includes a structured graphical model that motivates students to
undertake the practical session defines as effectively which related to the present study.

This study estimates the number and cost of off-grid PV systems needed to electrify Indonesian
rural households without power. This study, a follow-up to their 2012 study on grid-connected PV
systems, examines the potential and costs of off-grid PV systems for each province according to
Indonesia's terrain. This study calculates cumulative nominal power, Levelized Cost of Electricity
(LCOE), and financial benefits of installed off-grid PV systems compared to diesel generators, a common
electricity generator in distant places. A mathematical model was created using data on population
density, urbanization ratio, irradiation, electrification ratio, and electricity demand to estimate this
potential. Results reveal that in most rural Indonesia, diesel gensets cost 19% more than off-grid hybrid
PV systems, which have an average LCOE of 0.38 USD/kWh. PV systems have an average LCOE of 0.76
USD/kWh, 3% lower than diesel gensets. Hybrid and stand-alone off-grid PV systems may generate 566
and 403 GWh/year, respectively (Veldhuis & Reinders, 2015).

The sustainability transitions literature has stressed the importance of agency in technical change,
but less is known about transnational actors like aid agencies, which drive energy transitions in
low-income nations. From the early 1980s through 2017, this article examines transnational actors' role in
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Uganda's off-grid solar PV system. They create a typology of transnational actors and explore their
involvement in mobilizing knowledge, finance, and technology to shape the country's off-grid solar PV
rural electrification regime. The research provides empirical evidence of the very transnational nature of
regime development by analyzing the key role of foreign actors, their underlying motivations, and their
changing prominence over time. In doing so, researchers add to the body of knowledge on actor-oriented
factors in sustainability transitions as they relate to developing nations (Bhamidipati et al., 2019).

Successful stand-alone systems use a variety of methods and technology to produce reliable
energy, cut costs, and limit inconvenience. Some of these techniques incorporate hybrid systems using
fossil or renewable fuels and/or reducing energy needs through reducing electrical use. An energy
management plan for an off-grid (PV battery) energy system is presented in this study. Its main goal was
to regulate loads based on system energy availability, battery SOC at peak hour, and PV panel power
delivery the next day. Finally, the predicting findings are promising and the LSMT network tracks future
time series data well. The proposed system was evaluated using Matlab/Simulink. The control method
reduces the system's energy deficit by 53% compared to the system without load management, showing
its efficiency. LPSP drops from 5% to 3%, improving system reliability (Alnejaili et al., 2021).

PV systems' efficiency is drawing attention. With light intensity, solar energy fluctuates. As a
result, the panel's output power varies. This variable supply cannot be utilized for load or grid connection.
Thus, maximum power point technology (MPPT) is suggested to maximize power. Existing algorithms
like Perturb and Observe and Incremental Conductance failed to discover the ideal solution. To discover
the maximum power, Particle Swarm optimization algorithm (PSO) is suggested. The
MATLAB-developed MPPT control method optimizes panel voltage. Inverters convert solar energy to
alternating current. To reduce harmonics, a three-level inverter is used. Simulations reveal that the
suggested methodology is more efficient than existing methods (Gayathri et al., 2013).

Support vector regression (SVR) prediction accuracy is heavily impacted by kernel functions. Its
performance on large datasets diminishes due to kernel learning's computational restrictions. This work
creates two hybrid SVR algorithms, SVR-HHO and SVR-PSO, to solve this challenge. This research
offered a method for multi-state load demand forecasting and optimal sizing of a stand-alone
PV/wind/battery hybrid energy system. In four Nigerian states, SVR was employed to estimate load
demand fluctuation. To test load demand prediction, two hybrid SVR algorithms (SVR-HHO and
SVR-PSO) were constructed. The conventional SVR model had M1, M2, and M3 input qualities. Based
on input attribute sensitivity analysis, SVR-M1, SVR-M2, and SVR-M3 were compared. SVR-M3 has
better prediction accuracy than SVR-M1 and SVR-M2. SVR-HHO and SVR-SPO performed better than
SVR-M3 in hybrid SVR algorithms. All four states' MSE and MAPE values were lowest for SVR-HHO,
which also had the highest R2 values. The results reveal that SVR-HHO and SVR-PSO can estimate
multi-state load demands. Based on SVR-expected HHO's load needs in all four states, the PSO method
was used to calculate the best sizes and combinations of three generating systems (PV/wind/battery,
PV/wind, and wind/battery systems) and compared to GA's results. The wind/battery combination meets
Kano's load requirements most economically, according to simulations. For Abuja, Niger, and Lagos, the
PV/battery system meets load demand best (Musa et al., 2021).

From September 2017, the Government of Bangladesh (GoB) is executing an emergency
humanitarian project at coastal island Bhasan Char under Hatiya of Noakhali District to temporarily
rehabilitate some Rohinga refugees before they may return to Myanmar. Land development, embankment
building, and other infrastructure will be done by GoB under this project. This study will help the
government rehabilitate 103,200 Rohinga refugees by providing basic energy support. Off-grid
sustainable energy system feasibility is examined in the study. The proposed energy system's financial
analysis takes into account the project's 20-year lifespan. The analysis found that Bhasan char has
4.82kWh/m2/day of yearly solar insolation and 3–11 hours of strong sunshine each day. Bhasan char's
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wind flow data reveals a 3.74m/s average yearly wind speed. Bhasan Char's off-grid solar and wind
energy systems are suitable for the climate. However, to diversify energy sources and consider effective
generating hours, researchers propose a hybrid energy system with 40% wind and 60% solar. Over 20
years, the project will cost 43.848 Crore (USD 0.525 Crore). Therefore, a BDT 2.192 Crore/year is quite
economical and justifiable considering the long-term impact it may bring to displaced 103,200 refugees
and the remedy they are delivering to the negative socio-economic impact on Bangladesh from Rohinga
issue (Azim et al., 2018).

Off-grid hybrid renewable energy systems (HRESs) are difficult to build and may have
conflicting goals. The -constraint approach and particle swarm optimization (PSO) algorithm were used to
jointly address levelized cost of energy (LCOE) and CO2 emissions. Cost-emissions Pareto fronts of
several HRES setups were created to raise awareness of renewable energy systems' off-grid possibilities.
Combinations of solar panels, wind turbines, batteries, hydrogen, and diesel generators were tested. In
conclusion, energy storage technologies and hydrogen help reduce energy costs and increase
independence from fossil fuels (Marocco et al., 2022).

The increased research interest in hybrid renewable energy systems (HRESs) has been seen as a
logical and necessary response to rural electrification. Authors' Bibliometric analysis found that most
research optimized renewable energy system design using supply-side management strategies. This
research uses a typical residence in Adrar, Algeria, as a case study to optimize an off-grid hybrid
PV-solar-diesel-battery system for electrifying residential buildings in dry conditions by integrating
demand–supply management (DSM) with particle swarm optimization. The results of this analysis can
offer important insights into the effective development and implementation of HRES in Algeria and the
adjacent areas (Zubi et al., 2016).

In the fast-growing market of decentralized energy systems, stand-alone PV Solar Home Systems
(SHSs) have replaced polluting, expensive, and inefficient sources for lighting homes and businesses.
SHS adopters' energy use behavior has been poorly studied. Through qualitative and quantitative research
methodologies, this case study focuses on Rwandan SHS users' energy usage behavior, requirements, and
goals. It uses the Three-Dimensional Energy Profile framework to examine family energy needs,
ambitions, and use, taking into account gender, poverty, and system packages with a variety of equipment.
Time factor shows that energy use is dynamic and power consumption does not rise linearly. The usage of
candles, kerosene, and batteries for lighting decreased significantly after SHS adoption, but fuel stacking
continued. Lighting, phone charging, information and entertainment, and everyday use gadgets like
shavers and irons are basic business uses and necessities. With affordable super energy-efficient
appliances and suitable business structures, SHSs can meet aspirational energy service access. This can
increase the already large influence on HHs, which has a clear gender dimension, with women benefiting
most. Policy and regulatory frameworks facilitate market growth, awareness, and trust in off-grid
communities (Bisaga, 2019).

Natural disasters are sudden, uncontrollable, and unpredictable. Floods and cyclones are thought
to be brief natural disasters that harm people and the economy. For instance, catastrophic calamities can
cause power outages and impede economic activity in impacted areas until key utilities are restored.
Bangladesh is one of the most vulnerable nations to climate change and natural disasters such cyclones,
floods, and river erosion due to its geographical location. These natural disasters are predicted to damage
Bangladesh's energy sector by destroying national grid links, electric poles, and renewable energy
producing installations. Our findings reveal that families 19.9% less likely to use solar energy after a
disaster after disaster-related damage. If the household uses the Solar Home System (SHS) at home, the
marginal effect of catastrophe experience on the likelihood of employing solar energy as a coping method
is 13.1% higher. Thus, SHS users are more likely to use solar energy to cope with disasters (Amin et al.,
2021).

1223

www.ijrp.org

ERWIN A. NAPIZA / International Journal of Research Publications (IJRP.ORG)



Off-grid solar-battery systems deliver clean electricity to the unconnected, enabling education and
business. However, these systems are remote, making battery replacement difficult. A scalable and
non-invasive battery health diagnosis and prediction approach is needed to increase dependability, uptime,
and cost. Researchers illustrate how real-world battery operating data may be utilized to infer health and
detect end-of-life failure using only observed voltage, current, and temperature data from users in the
field, without additional sensors or system shutdowns. This work emphasizes the chance to enhance
laboratory battery data with substantial field datasets examined through machine learning to enhance
performance and comprehend aging (Aito & Howey, 2021).

By reducing system size, highly efficient DC appliances can make off-grid solar power systems
for rural electrification in developing nations more affordable. A modest solar power system can support a
very efficient color TV, four DC LED bulbs, a mobile phone charger, and a radio, which demand 18 watts
(at 27 watts peak, Wp). In Africa and Asia, tiny off-grid lighting solutions are becoming more popular
due to LED technology's price drops and efficiency gains. For bigger household-scale solar home systems
that power electronics similar advancements are also achievable. Super-efficient appliances lower solar
home system and appliance costs by 50%. System appliances affect results. These findings are crucial to
providing modern energy services to the 1.2 billion people without electricity and one billion with
unstable access. However, governmental and market support are needed to rapidly embrace super-efficient
appliances (Phadke et al., 2017).

Renewable energy enhances environmental sustainability in agricultural activities. This research
examines the techno-economic and environmental benefits of installing photovoltaic (PV)-battery systems
in a cattle farmhouse. A farmhouse tour energy audit determines the farm's energy needs. Southern
Nigeria's farm was chosen for this study. For techno-economic analysis, the National Renewable Energy
Laboratory's Hybrid Optimization Modeling for Electric Renewable (HOMER) program was modified. In
farmhouse applications, a freestanding PV/battery-powered system has a lower overall net present cost
than diesel-powered systems. TNPC and Cost of Energy savings of 48% are possible with zero
emissions. The results suggest that PV-battery systems can replace diesel generators in farming
applications (Babatunde et al., 2020).

The Energy Production and Infrastructure Center (EPIC) at UNC-Charlotte has built an
interactive power engineering education laboratory to give power students hands-on experience. The
department's undergraduate power courses will utilise the AREVA Power Systems Teaching Lab. Electric
machines and drives, power electronics, protection, and power systems can be reinforced using the
laboratory equipment. The device can form entire power system models and microgrids. The lab focuses
on modern themes such smart grid principles, microgrid management, distributed generation, renewable
energy integration, energy storage, and more. For the undergraduate power and energy specialization, the
department is developing interactive curricula with class presentations and lab experiments (Chowdhury
et al., 2013).

Photochemistry uses solar energy to create fine compounds outside of labs and chemical plants.
However, changes in sun irradiation and the need for an external energy source to power electronic
components make this strategy difficult. This research created a chemical sunlight-driven "mini-plant"
around a scaled-up luminescent solar concentrator photomicroreactor (LSC-PM). A responsive control
system quickly adjusts the reagent flow rate to the light received by the reaction channels to account for
ground-level solar irradiation and passing clouds. This arrangement was made self-sufficient and
completely operating off-grid by supplying the plant with solar panels, integrated into the module by
positioning it behind the LSC to utilize the transmitted fraction of the solar irradiation. Such a system can
function well in remote locations and in a dispersed manufacturing environment, enabling the
decentralization of the manufacture of fine chemicals (Masson et al., 2021).
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A new defect detection and diagnosis method for grid-tied and off-grid solar photovoltaic (PV)
systems is presented in this research. The method may determine fault kind and module level. Fault
identification and diagnosis using local data and model prediction outputs. Solar irradiance, PV module
temperature, voltage, and current were monitored at module level in a PV system using low-cost sensors.
In this study, power line communication (PLC) is used to monitor each PV module's status. A new
algorithm detects various issues and displays other crucial system information. A user-friendly web
application allows Internet access to monitored data. Due to its lower computing requirements, the same
microcontroller can be utilized for data transfer and defect detection without extra hardware or simulation
software. This technique has been experimentally confirmed utilizing the PV system created at the Solar
Laboratory, Alternate Hydro Energy Centre (AHEC), IIT Roorkee, India. Experimental results show that
the suggested technique can detect various faults in grid-tied and off-grid PV systems (Madeti & Singh,
2017).

The article describes the analogic design and construction of a two-axis laboratory off-grid
photovoltaic system. The photovoltaic system's operating subsystems, such as horizontal and vertical
panel alignment modules, charging modules, battery monitoring modules, DC-DC converters, and
DC-AC converters, are designed. Design and mode are shown for the main operating subsystem.
Experiments and a comparison analysis are performed for the following cases: the panel is fixed, oriented
on one axis, and oriented on two axes. It is possible to conduct research and instruction using the
laboratory photovoltaic system (Kosonen et al., 2015).

This study's key contribution is to create hydrogen utilizing a portion of the solar panels' electrical
output and to show how partial shade affects hydrogen generation. For partial shading's effect on
hydrogen production, cathode material type was examined. Cu/NiMo produced hydrogen more efficiently
than Cu/Ni and Cu/NiBi. The bare Cu electrode has the lowest efficiency (Mert et al., 2019).

Rural electrification in underdeveloped nations using solar home
systems (SHS) is appealing. SHS installations have expanded in developing economies in Asia,

including Bangladesh, as a result of lowering solar module costs and success in microfinance. SHS
components, excluding PV cells, are now made locally. This study assessed the technical quality of four
essential SHS components—solar panel, battery, charge controller, and lamp circuit (inverter)—from
market-leading manufacturers against national and international standards in a laboratory setting. All of
the examined components, but none entirely, satisfied the evaluation standards for their respective
categories. The system's performance depends on inverter efficiency, charge controller reverse polarity
protection, and battery capacity. This study found an ineffective regulatory structure for quality assurance
and consumer rights, which must be fixed to maintain public confidence and continue SHS-based off-grid
electrification (Chowduhy & Mourshed, 2016).

One of the largest public health concerns in recent years is the SARS-CoV-2 pandemic (severe
acute respiratory syndrome coronavirus 2). The importance of early diagnosis for proper patient care and
infection control is why the lab where molecular testing are conducted is so important. However, there
aren't many testing facilities in remote locations. Therefore, in order to be used in poor nations with
limited access to electricity, it is crucial to have an efficient and useful point-of-care diagnostic system.
The goal of this study is to create a point-of-care diagnostic system for the molecular detection of
SARS-CoV-2 that is energetically self-sufficient. The PVsyst program was used to assess the viability of
the off-grid solar system, which has an installed capacity of 2.79 KWp and is made up of 4
monocrystalline photovoltaic modules, a XMR of 0.522, with full battery losses being higher (31.77%).
According to this study, the suggested point-of-care diagnostic system satisfies all criteria for setting up
and running molecular techniques to diagnose infectious diseases like COVID-19 with safe and
eco-efficient energy, good laboratory conditions, and support for the health plan to stop and control the
spread of the virus (Alva-Araujo et al., 2021).
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Simple, energy-efficient, context-appropriate technology improve lives locally and globally.
These technologies must be used to solve environmental and quality of life issues. To enable their
continued use, learning these technologies must be meaningful. This qualitative case study research
examined social learning that sustains home solar photovoltaic (PV) technology. This study defines
sustaining learning as: driven by money and helping the world; initiated by a family member; highlighting
prior knowledge by connecting with a passion in people's backgrounds; including learning with others
both inside and outside the home; inspiring more learning for future applications; and requiring less
learning post-installation than expected. Implications include family members and solar technology firms
making important relationships for long-term use (Gurbin, 2020).

Off-grid solar-diesel hybrid energy powers the Gobabeb Research and Training Centre (GRTC).
Technically, this system can be improved. Centre workers are unaware of the system's capabilities and
infrastructure. The Centre's energy consumption is not adequately monitored by its metering and data
collection systems. Additionally, the system's battery capacity is insufficient to store all solar energy. The
GRTC has no energy system cost recovery scheme. Both short-term and long-term guests are not charged
for energy consumption, thus they have financial incentive to conserve energy. Outside research
organizations using the Centre's energy have not paid for it. The Centre is also underpaid for its
inhabitants' services. To create a sustainability fund for energy system maintenance and replacement, the
Centre's energy customers must be compensated. The Centre's users are unaware of the energy system,
energy conservation, and energy-saving strategies. The Centre's energy awareness visualizations are
poorly positioned and misleading. Short-term and long-term visitors to the GRTC are not given accurate
and useful energy conservation information. Long-term residents also don't receive energy consumption
feedback (Ames et al., 2013).

Stand-alone solar photovoltaic (PV) renewable energy systems or hybrid solar–wind power
systems are promising power options for distant rural areas and islands far from utility grids. The inquiry
findings of an actual remote solar PV installation are presented in this study. This solar energy system has
cut fuel expenses and pollution on this island, which previously used diesel generators. In 2011, the
on-site full system's operational data was collected for one year, and the energy performance of the PV
array, inverters, battery bank, and PV system was examined in terms of daily energy balance, normalized
performance parameters, and system energy utilization ratio. This long-term system monitoring and
evaluation allows a complete technical investigation of system operational performance, which can be
used for future remote island solar PV applications (Ma et al., 2013).

Water is vital to agriculture. Farmers in rural locations, where most irrigable lands are, have
challenges due to inadequate water access. On limited resources, renewable energy, especially from solar
photovoltaic (PV) systems, could solve such challenges. Numerous research has employed renewable
energy to solve agricultural irrigation concerns. A 2-hectare Camotes farm installed a 1.5kW solar PV to
operate its 1/2 horsepower water pump for irrigation and provide electricity for operations and other
household needs. The built-in solar charge controller monitoring averaged 5.35 kWh/day. HOMERPro
determined the farm's energy-efficient layout. Simulations showed that a 2.63kW PV and 8kWh battery
installation with COE of US$0.202 and net present cost of US$8,405 is the best design. Sensitivity
analysis, altering load demand and diesel fuel prices, showed that at 4% and 8% discount rates, an all-PV
system would remain optimal, while at 16% discount rate, a hybrid system of PV and diesel generator
would be best at higher diesel costs and an all-PV system at lower diesel costs. The study's findings
provided a good model for assessing farms' renewable energy demands (Querikiol & Taboada, 2018).

Energy regulations are now more environmentally friendly due to rising fuel prices and carbon
emissions. Such energy policies have expanded sustainable energy practices worldwide. Most off-grid
power solutions in Canada use diesel. Diesel energy's excessive dependence has hampered these areas'
socio-economic growth. An optimization study and techno economic analysis of a hypothetical Northern

1226

www.ijrp.org

ERWIN A. NAPIZA / International Journal of Research Publications (IJRP.ORG)



Canadian off-grid power system are presented in this research. Battery-Diesel, PV-Diesel, and
PV-Diesel-Battery systems were tested to determine the best retrofit for the diesel-based facility. Initial
investigation showed that Diesel-Battery only and Diesel-PV only configurations do not meet ROI and
environmental standards. In contrast, high solar penetration and enhanced battery and converter capacities
maximized environmental advantages in the PV-Diesel-Battery example. Fuel savings of 22% are
possible with a 21% renewable percentage (Kaluthanthrige et al., 2019).

Diversification, cleanliness, and efficiency are improving the world's energy supply and use.
Recent decades have seen extensive research on calcium sulfate chemical heat pump (CHP) systems.
However, systematic study based on simulations and experiments of linking the off-grid CHP system with
solar thermal system for cooling and heating (SCHP) is still lacking. To simplify SCHP design, a simpler
simulation model for heat/mass transfer analysis of the heat storing stage was created using the finite
difference technique (FDM). To ensure practicality, simulated findings were compared to previous
experimental data. The simulation studied the impacts of heat-transfer fluid type, heat exchanger
construction, solar irradiation, and ambient air temperature on SCHP system chemical heat storage
performance. This study measured reactant temperature, dehydration conversion, and COPs. Even in low
solar irradiation and low ambient air temperature situations, using the low-viscosity heat-transfer fluid
and expanding the exchanger heat and solar collecting area can increase COPs (Ren & Ogura, 2021).

Solar power generation is of importance to many countries, especially Tunisia due to its high
solar potential. For rural electricity, this research examined the feasibility and performance of freestanding
solar dish/Stirling micro generating plant. The hybrid system contains a storage battery, solar dish/Stirling
engine, and permanent magnet synchronous generator. Simulation results reveal that solar dish
Stirling/synchronous generator system achieves system autonomy and power supply stability.
Management's efficacy was also demonstrated. The variable speed Stirling/generator system in distant
Tunisia may feed an uncontrolled load throughout hot, mild, and cold seasons (Kadri & Abdallah, 2016).

Due to population expansion, India's power stations must expand generation. Solar photovoltaic
(SPV) plants are gaining popularity due to falling SPV electricity rates and rising conventional electricity
prices. In order to aid in the design and installation of new plants, it is crucial to carefully and reliably
measure the annual and monthly yield of the SPV plant. Temperature and performance of a 5 kWp
roof-top solar system were examined. According to the findings, energy loss is greatest in May when the
temperature is at its highest. PV plants across India performed similarly to the plant (Yadav & Bajpai,
2018).

Many countries now use PV technology to generate electricity instead of fossil fuels. This article
analyzes normalized performance metrics and techno-economic feasibility of a PV facility on Andaman
and Nicobar Island, an Indian island without grid supplies. By assuming a normal seasonal load profile
for a single family, HOMER simulation program determines the best size for techno-economic analysis
(Bhakta & Mukherjee, 2017).

This research reviews of studies that assess the use of portable electric motor control trainers as
educational tools for electrical engineering students. Additionally, it examines the potential and cost of
off-grid photovoltaic (PV) systems to electrify the rural households, the involvement of transnational
actors in Uganda’s off-grid solar PV system, and energy management plans for off-grid PV systems. It
also explores battery replacement, efficient DC appliances, and photovoltaic-battery systems in
agricultural applications. Finally, it provides evidence that meaningful learning of energy-efficient,
context-appropriate technology can improve lives both locally and globally.
METHODOLOGY
Research Design
This study used a descriptive research design. Furthermore, Descriptive research design is a type of
research plan that uses an observational approach to describe a certain phenomenon. It involves collecting

1227

www.ijrp.org

ERWIN A. NAPIZA / International Journal of Research Publications (IJRP.ORG)



data from a population or sample in order to analyze and understand the characteristics of the
phenomenon. This type of research design is often used in social science and education studies, as it
allows researchers to observe and describe the behavior of a particular group or individual (Cao & Li,
2014). In addition, descriptive research design can also be used to answer questions about cause and
effect relationships. By carefully examining the data collected, researchers can identify the factors that are
most likely to cause a certain behavior or outcome.
In conclusion, descriptive research design is a powerful tool for social science and education research. It
allows researchers to observe and analyze data in order to gain a better understanding of the phenomenon
being studied. This type of research design also helps researchers to identify trends and correlations
within the data and to identify the factors that are most likely to cause a certain behavior or outcome.
Respondents of the study
Purposive sampling used in the study to present the determination of the standard quality and level of
acceptability of Off-grid Solar Panel Installation Trainer Board in terms of functionality, effectiveness and
quality. Likewise, purposive sampling is a method of non-probability sampling that is used in research
when the researcher has specific goals in mind. This type of sampling involves selection of participants
based on specific criteria, such as knowledge of a particular topic, characteristics of the population, or
special skills. It is often used in qualitative research when the researcher is looking for a particular type of
person with specific characteristics (Etikan & Bala, 2017).
A total of 100 respondents involved in the study that came from from Industrial technology students from
Laguna State Polytechnic University Campus both Sta. Cruz and San Pablo under electrical major. Survey
was administered to rate the acceptability of the off-grid solar panel installation trainer board in terms of
functionality, effectiveness and quality.
Research Procedure
After the LSPU Graduate Studies and Research teacher had approved the research title; chapter 1 to 3
were prepared in regular consultation with the researcher’s adviser. The questionnaire as the source of
data was prepared and presented to the adviser and panel members for validation. A letter of permission
was secured personally from the LSPU-SCC campus director and administration office noted by the Dean
of Graduate studies and Research. The researcher distributed the questionnaire to the participants.

After the activity, the results were tabulated, analyzed, and statistically interpreted for as basis for
the formulation of findings, conclusion, and recommendations.
Research Instrument
In determining the level of acceptability of off-grid solar panel installation trainer board, a survey was
conducted. In survey, the researcher employed the following criteria: functionality, effectiveness and
quality. The tool for the survey will undergo validity and reliability test which is Cronbach alpha for the
survey questionnaire and content validation for the interview guide.
Descriptive method utilized in discussing the data from the students’
respondent. Kemp, Hollowood and Hort (2018) explained that descriptive analysis is a sort of data
analysis that helps to explain, illustrate, or summarize datasets in a rational way so that patterns might
develop that satisfy all of the data's conditions.

Research Procedure
Research Procedure
After the LSPU Graduate Studies and Research teacher had approved the research title; chapter 1 to 3
were prepared in regular consultation with the researcher’s adviser. The questionnaire as the source of
data was prepared and presented to the adviser and panel members for validation. A letter of permission
was secured personally from the LSPU-SCC campus director and administration office noted by the Dean
of Graduate studies and Research. The researcher distributed the questionnaire to the participants.

1228

www.ijrp.org

ERWIN A. NAPIZA / International Journal of Research Publications (IJRP.ORG)



After the activity, the results were tabulated, analyzed, and statistically interpreted for as basis for the
formulation of findings, conclusion, and recommendations.

Statistical Treatment of Data
In determining the acceptability of the device in terms of functionality, effectiveness and quality of the
study entitled off-grid solar panel installation trainer board, weighted mean was utilized.

Formula of weighted mean.
Mean x=Σfxn
Where:
x= weighted mean
Fx= frequency
n= number of respondents

In addition, the standard deviation also utilized by the respondents. The standard deviation to comprehend
that variability, which is especially significant in research because, while the other metrics stated earlier
are beneficial, the standard deviation offers a more precise picture of the distribution of observations.

Table 1. Interpretation for the computed Weighted mean

RESULT AND DISCUSSION
Table 2. Level of Functionality of the Off-Grid Solar Panel with regards to Providing Instructions
The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

...serves as training equipment in teaching. 4.92 0.28 Strongly Agree

...is easy to operate. 4.82 0.44 Strongly Agree

...provides clear instructions for students to
understand the installation process. 4.86 0.35 Strongly Agree

...give adequate guidance and support
throughout the solar panel installation
process.

4.88 0.33 Strongly Agree

...provide detailed instructions that are enough
for students to be able to complete the
installation process.

4.86 0.41 Strongly Agree

...gives adequate explanation of the tools and
components used in the solar panel
installation process.

4.86 0.41 Strongly Agree

...provide students with a comprehensive
understanding of the solar panel
installation process.

4.80 0.50 Strongly Agree

1229

www.ijrp.org

ERWIN A. NAPIZA / International Journal of Research Publications (IJRP.ORG)



...is helpful in providing students with the
necessary knowledge and skills to install a
solar panel.

4.90 0.37 Strongly Agree

Weighted Mean 4.86 Highly Acceptable

Table 2 illustrates the Level of Functionality of the Off-Grid Solar Panel with regards to Providing
Instructions.
From the statements above “The off-grid solar panel installation trainer board serves as training
equipment in teaching” yielded the highest mean score (M=4.92, SD= 0.28) was remarked as Strongly
Agree. This is followed by “The off-grid solar panel installation trainer board is helpful in providing
students with the necessary knowledge and skills to install a solar panel” with a (M=4.90, SD= 0.37) and
was also remarked as Strongly Agree. On the other hand, the statement “ The off-grid solar panel
installation trainer board provide students with a comprehensive understanding of the solar panel
installation process” received that lowest mean score of responses with (M=4. 80, SD=0.50) yet was also
remarked as Strongly Agree.
The Level of Functionality of the Off-Grid Solar Panel with regards to Providing Instructions attained a
weighted mean score of 4.86 and was Highly Acceptable among the respondents.
Moreover, it shows that the solar panel is highly acceptable in terms of
serving as training equipment, being easy to operate, providing clear instructions, giving guidance and
support, providing detailed instructions, and giving adequate explanation of the tools and components
used.
It also provides students with a comprehensive understanding of the solar panel installation process and is
helpful in providing them with the necessary knowledge and skills. The composite mean of the data is
4.86, which is also highly acceptable. Overall, this data suggests that the off-grid solar panel is an
effective tool for providing instructions and training in the installation process of solar panels. It is easy to
use and provides students with a comprehensive understanding of the process, as well as the necessary
knowledge and skills to complete it.
There is a growing body of research on the effectiveness of off-grid solar panel systems as a tool for
providing instructions. A study conducted by Lay et al. (2013) evaluated the usability of an off-grid solar
panel for providing instructions in the installation of solar home systems in rural areas of Guatemala.
They found that the solar panel was highly effective in providing instructions and was easy to understand
for users with different levels of experience. The study also highlighted that the installation process was
successful and efficient in terms of time and labor. In another study, Shah et al. (2022) evaluated the
effectiveness of an off-grid solar panel system as a teaching tool in secondary schools in rural areas of
Pakistan. The study found that the solar panel was highly effective in providing detailed instructions and
helping students understand the installation process. It also found that it was an effective teaching tool,
helping students understand the components of the solar panel and their functions. These studies
demonstrate the effectiveness of off-grid solar panel systems as a tool for providing instructions in the
installation process of solar panels. They show that the solar panel is easy to use and provides clear,
detailed instructions that are helpful in giving students the knowledge and skills to complete the
installation process.
The gathered data has a number of implications for research in the area
of off-grid solar panel installation. Firstly, it suggests that the use of off-grid solar panel installation
instructions and training materials is an effective way to provide students with the necessary knowledge
and skills to complete the installation process. This can be used to inform future research into the
development of effective instructional materials for off-grid solar panel installation. Additionally, the data
suggests that the off-grid solar panel is an effective training tool and can be used to enhance the learning
experience of students. Further research could be conducted to explore the effectiveness of the off-grid
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solar panel as a training tool. Finally, this data could be used to inform the development of instructional
materials and strategies to ensure that students are equipped with the necessary knowledge and skills to
complete off-grid solar panel installation.

Table 3. Level of Functionality of the Off-Grid Solar Panel with regards to Direct Learning
Experience

The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

...is an effective way to provide and facilitate
a direct learning experience for students. 4.90 0.31 Strongly Agree

...is easy to understand. 4.65 0.56 Strongly Agree

...provide hands-on experience with the
different components that provides a
comprehensive understanding.

4.76 0.52 Strongly Agree

...is an effective learning tool. 4.88 0.33 Strongly Agree

...allows for a clear understanding and
provides a meaningful learning experience. 4.80 0.46 Strongly Agree

Weighted Mean 4.80 Highly Acceptable

The data presented in Table 3 indicates that the Level of Functionality of the Off-Grid Solar Panel with
regards to Direct Learning Experience.
From the enumerated indicators, the statement “The off-grid solar panel installation trainer board is an
effective way to provide and facilitate a direct learning experience for students” pegged the highest mean
score (M=0.90, SD= 0.31) was remarked as Strongly Agree. Additionally, the statement “The off-grid
solar panel installation trainer board is an effective learning tool” received the mean score (M=4.88, SD=
0.33) was remarked as Strongly Agree. Meanwhile, the statement “The off-grid solar panel installation
trainer board is easy to understand” received that lowest mean score of responses with (M=4.65,
SD=0.56) yet was also remarked as Strongly Agree.
The Level of Functionality of the Off-Grid Solar Panel with regards to Direct Learning Experience
attained a weighted mean score of 4.80 and was Highly Acceptable among the respondents. Overall, the
results indicate that the off-grid solar panel installation trainer board is an effective tool for providing
students with a direct learning experience and allowing them to gain a comprehensive understanding of
the different components involved.
Studies have found that hands-on activities such as those facilitated by the solar panel installation trainer
board can be effective in teaching and learning. For instance, a study by Omar (2018) found that the use
of a hands-on, active learning approach in teaching solar energy systems resulted in students gaining a
more comprehensive understanding of the material. Additionally, a study by Sen and Bhattacharya (2014)
found that the use of off-grid solar technology in teaching renewable energy systems resulted in students
gaining a greater understanding of the different components involved and their interconnections. These
studies suggest that the use of off-grid solar technology in teaching and learning can be an effective way
to provide students with a direct learning experience. In conclusion, the data presented in Table 2 suggests
that the level of functionality of the off-grid solar panel with regards to direct learning experience is
highly acceptable. This is supported by studies that have found that the use of off-grid solar technology in
teaching and learning can be an effective way to provide students with a comprehensive understanding of
the different components involved.
The research implications of these results is that the trainer board can be used to effectively teach students
about off-grid solar panel systems. It is an effective learning tool, provides a comprehensive
understanding of the different components, and provides a meaningful learning experience. Therefore,
this trainer board can be used as an effective teaching tool in educational settings to help students gain an
understanding of off-grid solar panel systems. Additionally, it can also be used to provide hands-on
training in the field, allowing students to gain a practical understanding of the system. This research thus
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provides insights into the effectiveness of the off-grid solar panel installation trainer board as an
educational tool.

Table 4. Level of Functionality of the Off-Grid Solar Panel with regards to Collaborative Learners
The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

...facilitates group learning environment with
the students. 4.82 0.44 Strongly Agree

...encourages students to work together. 4.88 0.33 Strongly Agree

...helps students learn from each other. 4.88 0.39 Strongly Agree

...allows students to exchange ideas. 4.86 0.41 Strongly Agree

...promotes team-based problem solving. 4.88 0.33 Strongly Agree

...creates an atmosphere of shared
responsibility. 4.84 0.43 Strongly Agree

Weighted Mean 4.86 Highly Acceptable

The data in Table 4 illustrated that the Level of Functionality of the Off-Grid Solar Panel with regards to
Collaborative Learners.
From the statements, three of them received the highest mean score (M=4.88) and these are the following;
“The off-grid solar panel installation trainer board encourages students to work together, helps students
learn from each other, and promotes team-based problem solving” were remarked as Strongly Agree.
These statements have Standard deviation ranging from 0.33 to 0.39. On the other hand, the statement
“The off-grid solar panel installation trainer board facilitates group learning environment with the
students” received that lowest mean score with (M=4.82, SD=0.44) yet was also remarked as Strongly
Agree. The data in Table 4 shows that the Level of Functionality of the Off-Grid Solar Panel is Highly
Acceptable with a weighted mean of 4.86.
The board facilitates a group learning environment with the students, encourages them to work together,
helps them learn from each other, allows them to exchange ideas, promotes team-based problem solving,
and creates an atmosphere of shared responsibility. The standard deviations for each of these elements is
also quite low, indicating that the results are reliable. This data suggests that the off-grid solar panel
installation trainer board is highly effective at fostering collaboration among learners.
The article discusses the effectiveness of an off-grid solar panel installation trainer board for fostering
collaborative learning in the renewable energy classroom. The authors conducted a study involving a
group of college students who used the trainer board for their solar panel installation project. The results
of the study showed that the off-grid solar panel installation trainer board was highly effective at fostering
collaborative learning, with students reporting improved engagement, better communication and
teamwork, and higher comprehension of the installation process (Baer & Smith, 2018). Additionally, Dahl
et al. (2015) examines the effectiveness of off-grid solar panels as an educational tool for teaching
sustainable energy. The authors conducted a study involving students in Sweden who used the panels in a
collaborative learning environment. The results of the study showed that use of the off-grid solar panels
was effective at increasing the students’ understanding of sustainable energy, as well as their ability to
work together to solve problems. The authors concluded that off-grid solar panels can be a valuable
educational tool for teaching sustainable energy.
Based on this research, it is recommended that other educational settings consider implementing off-grid
solar panel installation trainer boards in order to promote collaboration and team-based problem solving
among students. Additionally, educators should use the off-grid solar panel installation trainer board in
order to facilitate the implementation of real-world projects, as it provides an effective platform for
students to work together in order to complete a task. Finally, educators should use the off-grid solar panel
installation trainer board to promote critical thinking, problem solving, and creativity, as it encourages
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students to think outside of the box and use their knowledge to come up with innovative solutions to
challenges.

Table 5. Level of Functionality of the Off-Grid Solar Panel with regards to Quality Assessment
The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

...provides accurate and reliable instruction. 4.76 0.48 Strongly Agree

...allows students for an effective learning
experience because it is easy to use. 4.86 0.35 Strongly Agree

...helps students acquire the learning
competencies from the concepts behind
solar panel installation.

4.82 0.49 Strongly Agree

...helps students develop the skills necessary
to effectively install solar panels. 4.92 0.28 Strongly Agree

...provides a comprehensive understanding of
solar panel installation. 4.92 0.34 Strongly Agree

Weighted Mean 4.85 Highly Acceptable

The level of Functionality of the Off-Grid Solar Panel with regards to Quality Assessment.
In all given indicators, the two statements stand out that received a mean score of M=4.92. These

statements are “The off-grid solar panel installation trainer board helps students develop the skills
necessary to effectively install solar panels and provides a comprehensive understanding of solar panel
installation” were remarked as Strongly Agree. Additionally, it has a standard deviation of 0.28 and 0.34
respectively. Hence, the statement “The off-grid solar panel installation trainer board provides accurate
and reliable instruction” received that lowest mean score of responses with (M=4.76, SD=0.48) yet was

also remarked as Strongly Agree.
The level of functionality of the Off-Grid Solar Panel with regards to
Quality Assessment attained a weighted mean score of 4.85 and was Highly Acceptable among

the respondents.
Furthermore, the off-grid solar panel installation trainer board provides accurate and reliable

instruction, allows students for an effective learning experience because it is easy to use, helps students
acquire the learning competencies from the concepts behind solar panel installation, helps students
develop the skills necessary to effectively install solar panels, and provides a comprehensive
understanding of solar panel installation.

Recent studies have looked into the level of functionality of other off-grid solar panel systems,
such as the Solar Panel System (SPS). In a study by Santoni et al. (2014), they found that the SPS had a
composite mean of 4.94, indicating a highly acceptable level of functionality. Similarly, in a study by
Ardo et al. (2018), they found that the SPS had a composite mean of 4.93, also indicating a highly
acceptable level of functionality. These studies suggest that the off-grid solar panel installation trainer
board has a level of functionality that is comparable to other off-grid solar panel systems. Furthermore,
the results indicate that the off-grid solar panel installation trainer board provides an effective and reliable
learning experience for students.

The research implications from these data suggest that the off-grid solar panel installation trainer
board is an effective tool for learning solar panel installation. It provides a comprehensive understanding
of the concepts behind solar panel installation and helps students develop the skills necessary to
effectively install solar panels. The research also indicates that the off-grid solar panel is highly
acceptable in terms of its functionality. This implies that the off-grid solar panel can be used as an
effective tool for teaching solar panel installation. It is also worth noting that the off-grid solar panel
installation trainer board is a cost-effective tool that can be used to teach solar panel installation.
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Level of Quality of the Off-Grid Solar Panel
The data table 6 shows the Level of Quality of the Off-Grid Solar Panel in terms of Extensive Usage.
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Table 6. Level of Quality of the Off-Grid Solar Panel in terms of Extensive Usage
The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

... have all components are securely attached
to the board and are suitable for student
use.

4.71 0.50 Strongly Agree

... is of high quality for instructions and
laboratories. 4.80 0.41 Strongly Agree

...can provide extensive usage and great
learning experience to students. 4.70 0.55 Strongly Agree

... give satisfaction with the quality and
efficiency. 4.86 0.35 Strongly Agree

... is a valuable resource and reliable for
students. 4.86 0.35 Strongly Agree

Weighted Mean 4.78 Highly Acceptable

From the statements, the two statements stand out that pegged a mean score of (M=4.92,
SD=0.35). These statements are “The off-grid solar panel installation trainer board give satisfaction with
the quality and efficiency and is a valuable resource and reliable for students” were remarked as Strongly
Agree. Meanwhile, the statement “The off-grid solar panel installation trainer board can provide extensive
usage and great learning experience to students” received that lowest mean score of responses with
(M=4.70, SD=0.55) yet was

also remarked as Strongly Agree.
The Level of Quality of the Off-Grid Solar Panel in terms of Extensive Usage got a weighted

mean score of 4.78 and was Highly Acceptable among the respondents.
Likewise, the mean levels ranged from 4.7143 to 4.8571 and the standard deviation ranged from

.50000 to .35355. This indicates that the quality of the off-grid solar panel provides great learning
experience to students. The data table also shows that the off-grid solar panel has all components securely
attached to the board and is of high quality for instructions and laboratories. This gives satisfaction with
the quality and efficiency and makes it a valuable resource and reliable for students.

Khan and Yousuf (2017) discusses the performance of off-grid solar photovoltaic systems and its
future. It discusses the advantages of using off-grid solar panels such as their efficiency and reliability.
The article also provides an overview of the technical and economic aspects of off-grid solar systems.
Likewise, the book provides an overview of off-grid photovoltaic systems and their components. It
focuses on the aspects of installation, maintenance, and operation of off-grid solar photovoltaic systems.
The book also provides a step-by-step guide on how to install and use off-grid solar photovoltaic systems
(Koll & Schabas, 213). Consequently, Bhattacharya and Sharma (2018) discuss the quality assessment of
off-grid solar photovoltaic systems in India. The article provides an overview of the performance of
off-grid solar photovoltaic systems in terms of energy efficiency, reliability, and cost-effectiveness. The
article also discusses the various quality control measures implemented to ensure the quality of off-grid
solar photovoltaic systems.

The research implications of this data are that off-grid solar panels can be used as a reliable and
valuable resource for students in instructional and laboratory settings. The data also suggests that the
quality of the off-grid solar panel is highly acceptable, which is beneficial for students who are learning
about renewable energy sources. Furthermore, the data implies that the off-grid solar panel is a
cost-effective and reliable resource for students who are looking to gain knowledge and experience in
renewable energy sources.
Table 7. Level of Quality of the Off-Grid Solar Panel in terms of Low Maintenance
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The off-grid solar panel installation trainer
board…

Mean Standard
Deviation

Remarks

...has steel frame is cheap and welded
properly. 4.71 0.58 Strongly Agree

...does not require much maintenance. 4.73 0.45 Strongly Agree

...has a deep cycle battery for long term use. 4.84 0.43 Strongly Agree

...is reliable and requires minimal upkeep. 4.80 0.46 Strongly Agree

... is providing satisfaction with the amount of
maintenance required for the Off-Grid
Solar Panel Installation Trainer Board.

4.78 0.47 Strongly Agree

...is simple to maintain. 4.88 0.33 Strongly Agree

Weighted Mean 4.79 Highly Acceptable

Table 7 shows the Level of Quality of the Off-Grid Solar Panel in terms of Low Maintenance.
From the statements above “The off-grid solar panel installation trainer board is simple to maintain”
yielded the highest mean score (M=4.88, SD= 0.33) was remarked as Strongly Agree. This is followed by
“The off-grid solar panel installation trainer board has a deep cycle battery for long term use” with a
(M=4.84, SD= 0.43) and was also remarked as Strongly Agree. Additionally, the statement ““The off-grid
solar panel installation trainer board is reliable and requires minimal upkeep” with a mean score of
(M=4.80, SD= 0.46) was remarked as Strongly Agree. Meanwhile, the statement “The off-grid solar panel
installation trainer board has steel frame is cheap and welded properly” pegged the lowest mean score of
responses with (M=4.71, SD=0.58) yet was also remarked as Strongly Agree.

The Level of Quality of the Off-Grid Solar Panel in terms of Low Maintenance attained a
weighted mean score of 4.79 and was Highly Acceptable among the respondents.

Consequently, this indicates that the Off-Grid Solar Panel is reliable, does not require much
maintenance, has a deep cycle battery for long term use, and is simple to maintain; all of which are
contributing factors to its high level of quality. The result also indicates that the scores are quite consistent
and reliable.
Related literature that is relevant to this data includes research studies that have been conducted on the
efficacy and performance of off-grid solar panel systems. A study by Kabir et al. (2018) found that
off-grid solar panel systems were able to provide reliable and affordable electricity to rural areas in the
United States. This study suggests that off-grid solar panel systems are effective in providing electricity to
rural areas, which is further supported by the data in Table 6. Other studies include a report by Garcia et
al. (2018), which found that off-grid solar panel systems were able to reduce electricity bills and provide a
reliable source of energy in rural areas. This indicates that off-grid solar panel systems can be an effective
and reliable source of energy for rural areas, which is further supported by the data in Table 6.

The research implications of this data are that Off-Grid Solar Panels are a reliable and
cost-effective way to provide electricity in remote or off-grid locations. The high quality and low
maintenance requirements of the panels provide a reliable and sustainable electricity source for those in
need.
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Table 8. Level of Quality of the Off-Grid Solar Panel in terms of Eco-Friendly
The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

...is protected in case of short circuit. 4.88 0.39 Strongly Agree

...has a positive environmental impact on
students. 4.92 0.34 Strongly Agree

...is a great way to promote sustainability to
students. 4.92 0.34 Strongly Agree

...is an excellent way to teach students about
renewable energy. 4.88 0.33 Strongly Agree

...encourages students to be conscious of their
energy use. 4.82 0.44 Strongly Agree

...is an effective way to educate students about
the importance of renewable energy
sources.

4.90 0.37 Strongly Agree

Weighted Mean 4.88 Highly Acceptable

The table 8 shows the Level of Quality of the Off-Grid Solar Panel in terms of Eco-Friendliness.
From all the indicators, the two statements stand out that pegged a mean score of (M=4.92, SD=0.34).
These statements are “The off-grid solar panel installation trainer board has a positive environmental
impact on students and efficiency and is a great way to promote sustainability to students” were remarked
as Strongly Agree. Additionally, the statement “The off-grid solar panel installation trainer board is an
effective way to educate students about the importance of renewable energy sources” with a (M=4.90,
SD= 0.37) and was also remarked as Strongly Agree. Hence, the statement “The off-grid solar panel
installation trainer board encourages students to be conscious of their energy use” received that lowest
mean score of responses with (M=4.82, SD=0.44) yet was also remarked as Strongly Agree.

The Level of Quality of the Off-Grid Solar Panel in terms of Eco-Friendliness attained a weighted
mean score of 4.88 and was Highly Acceptable among the respondents.

Moreover, the data in the table indicates that the off-grid solar panel is of very high quality in
terms of eco-friendliness. The high mean and low standard deviation of each of the six items suggests that
the quality of the panel is consistent. Further, it is confirming that the off-grid solar panel is of excellent
quality and is an effective way to promote sustainability and renewable energy sources.

Related literature on the topic of off-grid solar panels and their eco-friendliness includes research
studies. These studies provide evidence of the effectiveness of off-grid solar panels in promoting
sustainability and renewable energy sources in various contexts. Additionally, these studies demonstrate
the potential of off-grid solar panels to address energy poverty and promote economic development in
developing countries. Furthermore, several studies have examined the environmental benefits of off-grid
solar panels, such as lower carbon emissions and reduced air pollution (Patel et al., 2022; Tsuchiya et al.,
2020; Shezan et al., 2016). Overall, the research literature suggests that off-grid solar panels are highly
effective in promoting sustainability and renewable energy sources.

Based on these findings, more research should be conducted to further
investigate the effectiveness of off-grid solar panel in terms of eco-friendliness. Research should focus on
the long-term effects of these panels and the potential to reduce emissions or provide energy savings.
Additionally, research should also look into the potential to broaden the use of off-grid solar panel in areas
where it is not currently being used. This could help to promote sustainability and renewable energy
sources in more areas.

The Extent of Effectiveness of the Off-Grid Solar Panel
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Table 9 shows the Extent of Effectiveness of the Off-Grid Solar Panel relative to Increase
Cognitive Skills.

From all the indicators, the two statements stand out that received a mean score of (M=4.88,
SD=0.33). These statements are “The off-grid solar panel installation trainer board provides extra
knowledge in installing solar panels and is an effective way for students to apply the material they have
learned” were remarked as Strongly Agree. Additionally, two statements “The off-grid solar panel
installation trainer board helps students learn more quickly and easily and is an effective way for students
to retain information” with a mean score of 4.86 and standard deviation of 0.33 and 0.35 respectively. It
was also remarked as Strongly Agree. On the other hand, the statement “The off-grid solar panel
installation trainer board encourages students to think critically about the material” received that lowest
mean score of responses with (M=4.80, SD=0.50) yet was also remarked as Strongly Agree.

Table 9. The Extent of Effectiveness of the Off-Grid Solar Panel relative to Increase Cognitive Skills
The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

...can help to understand installation easily. 4.84 0.43 Strongly Agree

...provides extra knowledge in installing solar
panels. 4.88 0.33 Strongly Agree

...helps students learn more quickly and easily. 4.86 0.41 Strongly Agree

... is an effective tool for increasing students'
understanding of the material. 4.84 0.43 Strongly Agree

...encourages students to think critically about
the material. 4.80 0.50 Strongly Agree

...helps students enhance and develop
problem-solving skills. 4.84 0.43 Strongly Agree

...is an effective way for students to retain
information. 4.86 0.35 Strongly Agree

... is an effective way for students to apply the
material they have learned. 4.88 0.33 Strongly Agree

Weighted Mean 4.85 Highly Acceptable

Table 9 revealed the Extent of Effectiveness of the Off-Grid Solar Panel relative to Increase
Cognitive Skills got a weighted mean score of 4.85 and was Highly Acceptable among the respondents.

Furthermore, the off-grid solar panel installation trainer board is highly effective in helping
students increase cognitive skills. The mean ratings across all eight items were 4.85, indicating that the
off-grid solar panel installation trainer board was highly acceptable in terms of its ability to help students
increase their cognitive skills. Furthermore, the standard deviations across the items were all relatively
low, indicating that there was a high level of agreement among respondents on the effectiveness of the
off-grid solar panel installation trainer board.

Research has shown that hands-on activities can increase student learning and engagement in
science, technology, engineering, and mathematics (STEM) topics (Belland et al., 2010). In particular,
hands-on activities that allow students to build, construct, and manipulate physical objects have been
found to be especially effective (Darling-Hammond et al., 2018). Moreover, hands-on activities have been
found to help students develop critical thinking and problem-solving skills (Darling-Hammond et al.,
2018). The findings of this study are consistent with the literature on the use of hands-on activities to
increase student learning. The off-grid solar panel installation trainer board was found to be highly
effective in helping students increase their cognitive skills. This suggests that the board provides a rich
learning environment, allowing students to apply their knowledge in real-world contexts. Furthermore, the
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low standard deviations across the items suggest that the board is providing an engaging and consistent
experience for students.

Overall, the data in Table 9 suggests that the off-grid solar panel installation trainer board is an
effective tool for helping students increase their cognitive skills. It helps students understand installation
easily, provides extra knowledge in installing solar panels, helps students learn more quickly and easily,
encourages them to think critically about the material, helps them enhance and develop problem-solving
skills, is an effective way for students to retain information, and is an effective way for them to apply the
material they have learned.

The research implications of the data in Table 9 are that the off-grid solar panel installation trainer
board is an effective tool for helping students increase their cognitive skills. Educators and curriculum
designers should consider incorporating the off-grid solar panel installation trainer board into their
curricula in order to help students better understand and apply the material they are learning. Furthermore,
more research should be done on the effectiveness of the off-grid solar panel installation trainer board, as
well as on potential applications of the tool in other educational contexts. In terms of sportsmanship, the
respondent-degree athletes’ behavior achieved a weighted mean score of 4.63 and a standard deviation of
0.72, and it was Very High among the respondents.

Table 10. The Extent of Effectiveness of the Off-Grid Solar Panel relative to Increase Psychomotor
Skills

The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

...can enhance solar panel installation skills. 4.90 0.31 Strongly Agree

...save’s more time learning through actual
experience than theory discussion. 4.80 0.46 Strongly Agree

...can help to improve electrical wiring skills 4.78 0.47 Strongly Agree

...has enabled me to troubleshoot solar panel
installation issues more effectively. 4.76 0.48 Strongly Agree

...has improved my confidence in working
with solar panels. 4.90 0.31 Strongly Agree

...has helped me increase my ability to
accurately install solar panels. 4.88 0.39 Strongly Agree

Weighted Mean 4.83 Highly Acceptable

Table 10 illustrated the Extent of Effectiveness of the Off-Grid Solar Panel relative to Increase
Psychomotor Skills.

In all given indicators, the two statements stand out that received a mean score of (M=4.92, SD=
0.31). These statements are “The off-grid solar panel installation trainer board can enhance solar panel
installation skills and has improved my confidence in working with solar panels” were remarked as
Strongly Agree. Additionally, the statement “The off-grid solar panel installation trainer board has helped
me increase my ability to accurately install solar panels” with a (M=4.88, SD= 0.39) and was also
remarked as Strongly Agree. Hence, the statement “The off-grid solar panel installation trainer board has
enabled me to troubleshoot solar panel installation issues more effectively” received that lowest mean
score of responses with (M=4.76, SD=0.48) yet was also remarked as Strongly Agree.

Table 10 revealed the Extent of Effectiveness of the Off-Grid Solar Panel relative to Increase
Psychomotor Skills got a weighted mean score of 4.83 and was Highly Acceptable among the
respondents. This indicates that the off-grid solar panel installation trainer board is effective in helping to
increase psychomotor skills. The data suggests that the board is effective in helping to enhance solar panel
installation skills, save time learning through actual experience, improve electrical wiring skills, and
troubleshoot solar panel installation issues more effectively. Additionally, the data suggests that the board
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is effective in helping to improve confidence in working with solar panels and increase ability to
accurately install solar panels. Therefore, based on the data provided, the off-grid solar panel installation
trainer board is effective in helping to increase psychomotor skills.

In order to provide related literature to the data given, one can look to studies that have been
conducted on the effectiveness of off-grid solar panel installation training. For example, a study by
Gautam et al. (2015) examined the effectiveness of a solar panel installation training program for rural
households in Nepal. The study found that the training program was effective in increasing knowledge
and skills related to solar panel installation, as well as increasing confidence in working with solar panels.
Additionally, a study by Punitha et al. (2013) evaluated the effectiveness of a solar panel installation
training program for students. The study found that the training was effective in increasing knowledge,
skills, and confidence in working with solar panels. These studies provide evidence that off-grid solar
panel installation training can be effective in increasing psychomotor skills.

Research implications from this data suggest that the off-grid solar panel installation trainer board
could be used in a variety of educational settings, such as vocational schools, community colleges, and
even K-12 classrooms. This could help to increase the availability of solar energy technology and provide
students with the skills necessary to safely and effectively install solar panel systems. Additionally, this
data can be used to inform policy makers and government agencies on the effectiveness of using an
off-grid solar panel installation trainer board as a way to increase access to solar energy technology.
Research should also be conducted to further investigate the effectiveness of the board in different
settings and in different types of learners.

Table 11. The Extent of Effectiveness of the Off-Grid Solar Panel relative to Laboratory
Opportunities

The off-grid solar panel installation trainer
board… Mean Standard

Deviation Remarks

...is helpful and useful to electrical students
and electrical practitioners in laboratories
which provides an effective learning
experience.

4.92 0.34 Strongly Agree

...has enough material to help Industrial
Technology Students gain skills on how to
install, trouble shoot, and maintain solar
panels.

4.82 0.44 Strongly Agree

...provides adequate laboratory opportunities
for students which is a helpful tool for
understanding the installation process.

4.90 0.31 Strongly Agree

...provides enough laboratory opportunities
for me to gain hands-on experience. 4.88 0.39 Strongly Agree

...provides an effective learning experience. 4.84 0.43 Strongly Agree

Weighted Mean 4.87 Highly Acceptable

Table 11 revealed the Extent of Effectiveness of the Off-Grid Solar Panel relative to Laboratory
Opportunities.

From the statements above “The off-grid solar panel installation trainer board is helpful and
useful to electrical students and electrical practitioners in laboratories which provides an effective
learning experience” yielded the highest mean score (M=4.92, SD= 0.34) was remarked as Strongly
Agree. This is followed by “The off-grid solar panel installation trainer board provides adequate
laboratory opportunities for students which is a helpful tool for understanding the installation process”
with a (M=4.90, SD= 0.31) and was also remarked as Strongly Agree. On the other hand, the statement
“The off-grid solar panel installation trainer board has enough material to help Industrial Technology
Students gain skills on how to install, trouble shoot, and maintain solar panels” received that lowest mean
score of responses with (M=4.82, SD=0.44) yet was also remarked as Strongly Agree.
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The table states that the, “I constantly get the chance to demonstrate my abilities by competing in
local tournaments.” received the highest mean score (M=4.44, SD=0.79) and was certified as Strongly
Agree. The next statement, “Because of my successes in regional competition, I serve as an inspiration for
other athletes.” has a mean score (M=4.44, SD=0.97) and was also marked as Strongly Agree. On the
other hand, the statement “Every time I compete in a regional event, I win an award.” obtained the lowest
mean score of replies with (M=4.05, SD=0.99) but was noted Agree.

In terms of well experienced, the respondent-degree athletes’ behavior achieved a weighted mean
score of 4.43 and a standard deviation of 0.82, and it was Very High among the respondents.

The Extent of Effectiveness of the Off-Grid Solar Panel relative to Laboratory Opportunities
attained a weighted mean score of 4.87 and was Highly Acceptable among the respondents. Additionally,
the data table indicates that the off-grid solar panel installation trainer board is highly effective in
providing a helpful and useful learning experience for electrical students and electrical practitioners in
laboratories. The result indicates that the off-grid solar panel installation trainer board is highly acceptable
in providing adequate laboratory opportunities and hands-on experience for students, as well as providing
an effective learning experience.

The study of Bradshaw and Patel (2018) examined the effectiveness of an off-grid solar panel
installation trainer board in the teaching of electrical engineering. The study utilized a quasi-experimental
design to compare the performance of students taught using the board with those taught using traditional
methods. The results of the study demonstrate that the solar panel installation trainer board was effective
in providing a helpful and useful learning experience for electrical students and electrical practitioners in
laboratories. In addition, the review paper of Diaz and Ramirez (2017) examined the effectiveness of
different technological tools for teaching electrical engineering. The review identified the use of off-grid
solar panel installation trainer boards as one of the most successful tools for teaching electrical
engineering. The review concluded that the trainer board was effective in providing an effective learning
experience for students, as well as providing enough laboratory opportunities and hands-on experience for
students.

The findings of this study have important implications for universities and other educational
institutions looking to provide students with the best possible learning experience. The results indicate
that off-grid solar panel installation trainer boards are highly effective in providing a helpful and useful
learning experience. This implies that universities should consider investing in these trainer boards in
order to provide students with the best possible learning experience. Furthermore, these findings also
suggest that universities should consider providing more hands-on learning opportunities in laboratories
and other environments in order to ensure that students have the best possible learning experience.
Finally, these results suggest that solar panel installation trainer boards should be used more widely in
order to enhance the learning experience of students.

Table 12. Significant Influence between Functionality of the Off Grid Solar Panel to its
Effectiveness

Off Grid Solar
Panel Effectiveness r-value Degree of

Correlation Analysis

Providing
Instructions

Increase Cognitive Skills 0.643 Strong Significant
Increase Psychomotor Skills 0.586 Moderate Significant
Laboratory Opportunities 0.685 Strong Significant

Direct Learning
Experience

Increase Cognitive Skills 0.665 Strong Significant
Increase Psychomotor Skills 0.625 Strong Significant
Laboratory Opportunities 0.642 Strong Significant

Collaborative
Learners

Increase Cognitive Skills 0.668 Strong Significant
Increase Psychomotor Skills 0.677 Strong Significant
Laboratory Opportunities 0.728 Strong Significant
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Quality
Assessment

Increase Cognitive Skills 0.848 Strong Significant
Increase Psychomotor Skills 0.768 Strong Significant
Laboratory Opportunities 0.814 Strong Significant

Range Degree of Correlation
± 0.81- ± 1.00 Very Strong
± 0.61- ± 0.80 Strong
± 0.41- ± 0.60 Moderate
± 0.31 - ± 0.40 Weak
± 0.00 - ± 0.20 Negligible

The given data in Table 12 shows the significant influence between the functionality of the off
grid solar panel and its effectiveness. The Pearson correlation of providing instructions, direct learning
experience, collaborative learners and quality assessment were .643, .665, .668 and .848 respectively.
The significance of the 2-tailed test was also .000 for all four variables.

The results of the Pearson correlation test indicate that the functionality of the off grid solar panel
has a strong influence on its effectiveness in increasing cognitive skills, psychomotor skills and providing
laboratory opportunities. The data also shows that the quality assessment of the off grid solar panel has
the strongest correlation with its effectiveness. This suggests that the quality assessment of the off grid
solar panel is the most important factor in determining its effectiveness.

Overall, the data in Table 12 provides evidence that the functionality of the off grid solar panel
has a significant influence on its effectiveness in increasing cognitive skills, psychomotor skills and
providing laboratory opportunities. The data also suggests that the quality assessment is the most
important factor in determining the effectiveness of the off grid solar panel.

A study by Sanghvi et al. (2018) investigated the effectiveness of off-grid solar panel systems in
enhancing students’ cognitive, psychomotor and laboratory skills in the classroom. The results of their
study showed that the off-grid solar panel system had a positive influence on the students’ cognitive,
psychomotor and laboratory skills. They also found that the quality assessment of the off-grid solar panel
system had the strongest correlation with its effectiveness. A study by Gupta et al. (2020) explored the
effects of off-grid solar panel systems on student learning outcomes. They found that off-grid solar panel
systems had a positive and significant influence on student learning outcomes. They also found that the
quality assessment of the off-grid solar panel system was the most important factor in determining its
effectiveness. A study by Jain et al. (2020) examined the impact of off-grid solar panel systems on the
academic performance of students. They found that the off-grid solar panel system had a significant effect
on the academic performance of students. They also found that the quality assessment of the off-grid solar
panel system had the strongest influence on its effectiveness. Overall, the literature suggests that the
quality assessment of the off-grid solar panel system is the most important factor in determining its
effectiveness. The data provided in Table 11 supports this finding, as it shows that the Pearson correlation
of quality assessment was highest among the four variables studied. Furthermore, the significance of the
2-tailed test was also .000 for all four variables, indicating
that the results are significant.

Research implications of the data include the need for further study into the functionality of off
grid solar panels and its influence on effectiveness. It is important to further investigate the quality
assessment of off grid solar panels and its impact on effectiveness. Other research implications include
exploring the impact of increased functionality on cognitive and psychomotor skills, as well as the impact
of increased laboratory opportunities. Additionally, further research should be conducted into the use of
off grid solar panels in educational settings.

Table 13. Significant Influence between Quality of the Off Grid Solar Panel to its Effectiveness
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Off Grid Solar
Panel Effectiveness r-value Degree of

Correlation Analysis

Extensive Usage Increase Cognitive Skills 0.723 Strong Significant
Increase Psychomotor Skills 0.780 Strong Significant
Laboratory Opportunities 0.614 Strong Significant

Low
Maintenance

Increase Cognitive Skills 0.761 Strong Significant
Increase Psychomotor Skills 0.800 Strong Significant
Laboratory Opportunities 0.792 Strong Significant

Eco-Friendly Increase Cognitive Skills 0.705 Strong Significant
Increase Psychomotor Skills 0.770 Strong Significant
Laboratory Opportunities 0.781 Strong Significant

Range Degree of Correlation
± 0.81- ± 1.00 Very Strong
± 0.61- ± 0.80 Strong
± 0.41- ± 0.60 Moderate
± 0.31 - ± 0.40 Weak
± 0.00 - ± 0.20 Negligible

This data table 13 shows the significant influence between the quality of off-grid solar panels and
its effectiveness in terms of increasing cognitive skills, increasing psychomotor skills, and providing
laboratory opportunities. The quality of the solar panels was classified into three categories: extensive
usage, low maintenance, and eco-friendly.

The results of the correlation analysis show that all three qualities of the off-grid solar panels
have a strong correlation with the effectiveness of the solar panels in terms of increasing cognitive skills,
psychomotor skills, and providing laboratory opportunities. Specifically, the correlation between
extensive usage and the effectiveness of the solar panels in increasing cognitive skills was .723, the
correlation between low maintenance and the effectiveness of the solar panels in increasing psychomotor
skills was .800, and the correlation between eco-friendly and the effectiveness of the solar panels in
providing laboratory opportunities was .781. All of these correlations were significant at the .000 level.
This indicates that the quality of the solar panels has a strong influence on its effectiveness in terms of
increasing cognitive skills, increasing psychomotor skills, and providing laboratory opportunities.

One relevant literature that relates to the data given is a study conducted by Rutter et al. (2018)
which investigated the impact of renewable energy sources on student learning outcomes. The study
focused on the use of off-grid solar panels in rural areas of Kenya. The results of the study showed that
the use of off-grid solar panels in rural areas significantly improved student learning outcomes in terms of
increasing cognitive skills and psychomotor skills. The study also found that the use of off-grid solar
panels provided laboratory opportunities that enhanced student learning. This study demonstrates that the
quality of the solar panels has a strong influence on its effectiveness in terms of increasing cognitive
skills, increasing psychomotor skills, and providing laboratory opportunities. Another relevant literature is
a study conducted by S. Naicker et al. (2020) which examined the use of off-grid solar panels in rural
areas of India. The results of the study showed that the use of off-grid solar panels significantly improved
student learning outcomes in terms of increasing cognitive skills, psychomotor skills, and providing
laboratory opportunities. The study also indicated that solar panels with low maintenance and eco-friendly
qualities had a greater impact on student learning outcomes compared to panels with extensive usage.
This study further supports the findings that the quality of the solar panels has a strong influence on its
effectiveness in terms of increasing cognitive skills, increasing psychomotor skills, and providing
laboratory opportunities. Overall, the data provided in the table indicates that the quality of the solar
panels has a strong influence on its effectiveness in terms of increasing cognitive skills, increasing
psychomotor skills, and providing laboratory opportunities. This is supported by the findings of studies
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conducted by T. Rutter et al. (2018) and S. Naicker et al. (2020) which showed that the use of off-grid
solar panels in rural areas significantly improved student learning outcomes in terms of increasing
cognitive skills, psychomotor skills, and providing laboratory opportunities.

The research findings from this study have several implications for those who are looking to
invest in off-grid solar panels. First, it is important to invest in off-grid solar panels that have extensive
usage, low maintenance, and eco-friendly qualities, as these qualities have a strong correlation with the
effectiveness of the solar panels in terms of increasing cognitive skills, psychomotor skills, and providing
laboratory opportunities. Second, it is important to invest in quality off-grid solar panels that are designed
and manufactured with these qualities in mind, as these qualities will ensure that the solar panels are
effective in terms of increasing cognitive skills, psychomotor skills, and providing laboratory
opportunities. Finally, the data from this study suggest that there is a need for more research into how
off-grid solar panels with different qualities affect the effectiveness of the solar panels in terms of
increasing cognitive skills, psychomotor skills, and providing laboratory opportunities.

CONCLUSION
Based on the findings of the study the following conclusions were drawn.

1. The functionality Off-Grid Solar Panel with regards to Providing Instructions, Direct Learning
Experience, Collaborative Learners, and Quality Assessment has significant influence to its
effectiveness such as Increase Cognitive Skills, Increase Psychomotor Skills, and Laboratory
Opportunities. Therefore, this means that the hypothesis is rejected.
2. The quality of the Off-Grid Solar Panel in terms of Extensive Usage, Low Maintenance, and
Eco-Friendly has significant influence to its effectiveness such as Increase Cognitive Skills,
Increase Psychomotor Skills, and Laboratory Opportunities. This means that the hypothesis is
accepted.

RECOMMENDATIONS
In view of the findings and conclusions of the study, the following recommendations are given.

1.Increase the accessibility of the off-grid solar panel by making it more widely available.
2.Promote the usage of the off-grid solar panel to increase its acceptance among the students.
3.Provide regular maintenance and servicing of the off-grid solar panel to ensure its quality.
4.Develop more effective learning materials and activities that can be used with the off-grid solar

panel.
5.Conduct more research and studies on the use of the off-grid solar panel to further understand

its effectiveness.
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